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 Preface
Article VII, Section 3 of the 1G78 Canada—United States Great Lakes Water
Ouality Agreement stipulates:
The Commission shall make a full report to the Parties and to the
State and Provincial Governments no less frequently than
biennially corcerning progress toward the achievement of the
General and Specific Objectives including, as appropriate,
matters related to Annexes to this Agreement.
This 1981 report of the Great Lakes Water Quality Board is provided to assist
the Commission in fulfillment of that responsibility.
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Significant steps in this direction have already been taken in dealing with
eutrophication, a lakewide problem for the lower Great Lakes.
More recently,
with the widespread contamination of fish and sediments by toxic chemicals, a
systemwide problem has been identified.
Such a problem underscores the need
for better coordination of responses not only among jurisdictions but also
among programs at the site-specific, lakewide, and systemwide levels.
Nowhere is this need so clear as when dealing with a systemwide use of a
particular lake resource such as the fishery.
For example, a viable self-
sustaining Great Lakes fishery is essential in order to provide for society's
need for wholesome food, recreation, employment and income, and a healthy
human environment.
Such a fishery requires emphasis on water quality,
preservation of physical habitat,
and elimination of impairments to fish
health.
These are also the goals of pollution control agencies charged with
the restoration and preservation of the Great Lakes to ensure other desirable
uses of lake resources.
Clearly, resource management and environmental
interests must cooperate to achieve their respective goals and to ensure
compatible uses of Great Lakes resources.
With this report,
the Board recommends a number of actions which it
believes will significantly assist the Parties and the jurisdictions to
achieve management of the Great Lakes within an ecosystem context.
ORGANIZATION OF REPORT
During
1980,
the Board focused
its attention on three
issues:
environ-
mental
quality of the
lakes,
control
programs
for
toxic
substances,
and
progress toward fulfilling the obligations of the 1978 Great Lakes Water
Quality Agreement.
Within this report,
the Board highlights those programs
and
issues
which
should
be of
the
greatest
interest
to
the
Commission,
the
jurisdictions,
and
the
public.
Chapter
1
presents
the
Board's
recomnendations
regarding
toxic
substances
control
programs,
control
of
phosphorus
inputs,
specific
areas
of
concern,
the
pulp
and
paper
industry,
and
resource
conmitment.
Chapter
2 describes
the
environmental
quality of
the
Great
Lakes.
The
status
of
each
lake
is
presented
for
the
principal
issues
of
eutrophication
and
persistent
toxic
substances.
Also
summarized
are
specific
areas
of
concern Within each lake basin.
Chapter
3
presents
a
detailed
evaluation
of
toxic
substances
control
programs for the Great Lakes Basin.
Chapter
4
details
phosphorus
inputs
and
controls
for
municipal
and
industrial
point
sources
and
for
nonpoint
land
runoff.
Chapter
5
describes
progress
toward
fulfilling
the
obligations
of
the
1978
Great Lakes Water Quality Agreement.
The
supporting
reports
to
the
Board
present
an
extensive
array
of
scientific and evaluative material which the reader
is urged
to review to gain
a
better
understanding
of
the
rationale
and
justification
for
the
Board's
recommendations.
The Appendices
to the 1981 Report of the Board are:
_ 2 _
1. Phosphorus Inputs and Controls
11. Specific Areas of Concern
III. Agreement Progress
IV. "Urban Drainage and Combined Sewer Overflows", a Task Force report to
the Board.
V. Membership of the Board's Committees and Work Groups
Four additional reports also provide support for the 1981 Report of the Board:
1. "Toxic Substances Control Programs in the Great Lakes Basin".
Report, with appendix, of the Toxic Substances Committee to the Board.
2. "Great Lakes Surveillance 1980“. Report of the Surveillance Work
Group to the Water Quality Programs Committee of the Board.
3. "The Response of the Pulp and Paper Industry in the Great Lakes Basin
to Pollution Abatement Programs”. Report of the Pulp and Paper Task
Force to the Water Quality Programs Committee of the Board.
4. "1981 Annual Report. Committee on the Assessment of Human Health
Effects of Great Lakes Water Quality." A report presented jointly to
the Water Quality Board and the Science Advisory Board.
  
 I . Recommendations
The following recommendations to the International Joint Commission are
derived from the Board's analysis of current Great Lakes environmental quality
and its evaluation of programs and measures called for in the 1978 Great Lakes
Water Quality Agreement.
The basis for these recommendations may be found
throughout the report and its appendices. Specific chapters and/or page
numbers are cited to assist the reader in locating the appropriate reference.
TOXIC SUBSTANCES
A detailed evaluation of programs to control toxic substances in the Great
Lakes Basin is presented in Chapter 3. The principal conclusion of the Board
is that there is no specific Great Lakes management strategy for directing the
toxic substances activities being carried out by the various jurisdictions
under diverse pieces of legislation. The Board believes this absence of
program integration and coordination has often led to fragmentation of
purpose, direction, and resources.
The Board attributes this critical state to a number of factors. Primary
among them are the absence of any priority or ranking of substances found in
the Great Lakes ecosystem which have the greatest potential to adversely
affect human and environmental health, and the lack of coordinated assessment
processes among Great Lakes jurisdictions with which to design plans of action
or control measures.
In order to restore and protect the unique Great Lakes resource, the Board
presents sixteen specific, program-oriented recommendations based on the
findings presented in Chapter 3. The Board believes that the adoption of
these recommendations by the Parties will permit not only an orderly
resolution or abatement of the threats to human and environmental health posed
by many toxic substances, but will also allow for a more effective and
efficient use of limited resources.
INFORMATION BASE
INVENTORIES
The Board finds that there is no consistent approach among the Great Lakes
jurisdictions in their development of chemical inventories, including for the
chemicals to be inventoried, the data required, and the frequency of updating.
Further, the sources and the types of inventory information which are avail-
able could be better publicized. Therefore, the Board recommends that the
Parties:
1. Prepare a single priority list of toxic
substances in the Great Lakes Basin for which
inventory data must be developed, rank these
 
   
  
 
  
substances according to their potential environ-
mental and human health effects, and periodically
update the list and the ranking.
2. Periodically revise the schedule for inventory
completion, in order to reflect the priority list
of toxic substances and the need for continuing
inventories.
3. Establish a centralized mechanism to identify all
inventory-related activities within the Great
Lakes Basin.
CHARACTERISTICS
The Board finds that a number of data systems collectively provide
information on the physical, chemical, and toxicological properties of
substances in order to meet the requirements of Annex 12 of the 1978
Agreement. The Board recommends that the Parties:
4. Establish a centralized mechanism to identify
major compilations of characteristics—related
data within the Great Lakes Basin.
The Board finds real limitations on the capability to develop required
toxicological data. Substantial progress has been made to establish what
toxicity data are required and how these data can be developed. The Board
further finds that several screening tests, including structure-activity
correlations, are under development to provide an early warning about the
potential toxicity of chemical substances. The Board recommends that the
Parties:
5. Develop a priority list of toxic substances of
significance for the Great Lakes Basin for which
characteristics data should be gathered, using
agreed—upon test guidelines.
6. Continue efforts to develop and use structure—
activity correlations and other new screening
tests for toxic substances occurring in the Great
Lakes Basin.
ENVIRONMENTAL MEASUREMENTS
 
The Board finds that toxic substances monitoring programs operate as
autonomous activitiesdetermined by the special mandates of the implementing
organizations, and that these programs place a severe strain on laboratory
capacities. In order to reduce duplication of effort and to more effectively
utilize resources, the Board recompends that the Parties:
7. Coordinate the monitoring and surveillance
programs among the various jurisdictions, in
order to support the Great Lakes International
r1
surveillance Plan and to respond to the require—
ments of Annex 12 of the 1978 Great Lakes Water
Quality Agreement.
8. Develop a joint priority list for toxic
substances that require immediate environmental
measurements.
Few research programs are directed toward the quantitative measurement of
the effects of exposure to ambient levels of toxic substances. In order to
set priorities and to assess hazard to humans and the environment, the Board
recommends that:
9. Field monitoring and research activities be co-
ordinated, in order to acquire the information
needed for priority setting and hazard assessment.
Few long-term studies on the impacts of ambient levels of toxic substances
on human health have been undertaken. In order to establish management and
cont
rol
alte
rnat
ives
for
thes
e su
bsta
nces
, t
he B
oard
reco
mmen
ds t
hat:
10. Ecosystem studies of the transport, fate, and
effects of ambient levels of toxic substances in
the Great Lakes be encouraged.
The Board recognizes the need for data on the atmospheric deposition of
toxic substances in order to better assess hazard and develop effective
control strategies. The Board recommends that the Parties:
11. Conduct joint field and research programs into
the atmospheric deposition of toxic substances,
in order to conduct scientific assessments and
refine control strategies.
HAZARD AND RISK ASSESSMENT
Ade
qua
te
inf
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ati
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on
exp
osu
re
con
cen
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ns
is
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kin
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or
man
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oxi
c
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s in
the
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n.
Even
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an i
ncre
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in t
he u
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f
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rt-
ter
m t
est
s a
nd
str
uct
ure
-ac
tiv
ity
rel
ati
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hip
s,
the
acc
ura
cy
of
haz
ard
asse
ssme
nts
is d
irec
tly
rela
ted
to t
he q
uant
ity
of e
xpos
ure
data
avai
labl
e.
The Board recommends that:
12. Activities in the areas of monitoring (surveil-
lance), inventory preparation, short-term toxicity
testing, and epidemiology be intensified, fOr the
purpose of improving hazard assessment capability.
The
ass
ess
men
t o
f h
aza
rd
and
ris
k p
ose
d b
y a
tox
ic
sub
sta
nce
may
be
dif
fer
ent
in
eac
h j
uri
sdi
cti
on
in
the
Gre
at
Lak
es
Bas
in.
In
ord
er
to
fac
ili
tat
e d
eci
sio
ns
to
est
abl
ish
the
acc
ept
abl
e l
eve
l
of
ris
k,
pla
n c
ont
rol
str
ate
gie
s,
and
pre
sen
t i
ssu
es
to
the
pub
lic
, t
he
Boa
rd
rec
omm
end
s t
hat
the
jurisdictions:
13. Share all available scientific data and their
scientific rationale for each assessment of
hazard and of risk.
- 7 _
  
  
 
  
CONTROL PROGRAMS
Legi
slat
ion
exis
ts
to c
ontr
ol t
he m
anuf
actu
re
and
use
of t
oxic
subs
tanc
es
in the Great Lakes Basin. However, development and implementation of programs
und
er
the
laws
hav
e b
een
slow
.
The
Boa
rd
rec
omm
end
s t
hat
the
Par
tie
s:
14. Continue the commitment and the support necessary
to sustain and accelerate control programs to
solve the problems posed by the increasing number
of toxic substances.
The Board finds that no systematic evaluation of the effectiveness of
mech
anis
ms t
o co
ntro
l a
tmos
pher
ic d
epos
itio
n ha
s be
en u
nder
take
n.
Furt
her,
the adequacy of current legislative authority has not been investigated.
Therefore, the Board recommends that the Parties:
15. Jointly develop a coordinated control strategy
for the atmospheric deposition of toxic
pollutants, and evaluate whether legislative
changes are required to address the problem of
atmospheric deposition to the Great Lakes.
The Board notes that there is no common definition of hazardous wastes
among the Great Lakes jurisdictions. The Board recommends that the Parties:
16. Davelop a common definition of hazardous waste,
and develop compatible programs to ensure the
safe transport and disposal of hazardous wastes
among the jurisdictions.
PHOSPHORUS
The Board has for a number of years reported on the jurisdictions' efforts
to c
ontr
ol p
hosp
horu
s fr
om m
unic
ipal
, i
ndus
tria
l,
and
diff
use
sour
ces
to s
low
accelerated eutrophication of the Great Lakes. Chapter 4 — Phosphorus Inputs
and Controls - summarizes those programs and progress.
A major highlight in this report is that efforts to remove phosphorus at
municipal treatment facilities in the Lower Lakes Basin has resulted in the
virtual achievement of an average phosphorus effluent limitation of 1.0 mg/L
at e
ach
faci
lity
, as
call
ed f
or i
n th
e 19
72 G
reat
Lake
s Wa
ter
Qual
ity
Agreement. The Board notes that this constitutes the achievement of a major
milestone for phosphorus control.
The Board notes that most municipal facilities in the Lower Lakes Basin
have now achieved an average phosphorus effluent concentration of 1.0 mg/L,
and that some facilities have even achieved an average concentration of 0.5
mg/L or less. Previously, the Board had reported that some of the largest
municipal sources of phosphorus into the Lower Lakes would not achieve the 1.0
mg/L goal until as late as 1986. The Board is pleased to report that
schedules were appropriately advanced and that phosphorus removal capability
will be in place and operational at these facilities no later than 1983.
Further, the Board is especially pleased to report that Detroit, Akron,
Rochester, and Syracuse are now achieving the effluent goal.
_ 8 _
 __—w
The Board notes, however, that a number of facilities have not yet
achieved the desired level of phosphorus removal (see Appendix I). When these
facilities achieve the 1.0 mg/L effluent limitation, further significant
reductions in phosphorus loads to the lakes will be effected. The Board
therefore urges the Commission to:
17. Rah-emphasize to Governments the importance of
achieving the 1.0 mg/L phosphorus effluent
limitation at municipal sewage treatment plants
discharging more than 1 million gallons per day.
In previous reports, the Board has advocated detergent phosphorus
limitations for all Great Lakes jurisdictions. The Board continues to support
these measures.
Industries can also contribute significant loadings of phosphorus into
areas of the Great Lakes which havebeen impacted by nutrient enrichment. The
Board notes that most of the industrial loading of phosphorus comes from a few
large sourCes. Therefore, in the development of cost-effective phosphorus
management strategies for particular areas of the Great Lakes, controls on
industrial inputs of phosphorus should be considered.
The Board notes that, for the Lake Erie Basin, when municipal point source
control programs are completely in place, municipal inputs will contribute
only 20% of the phosphorus load to the lake. Nonpoint sources, primarily
runoff from agricultural land in the western basin of Lake Erie, will account
for 60% of the phosphorus input. Successful demonstration programs have been
undertaken by the jurisdictions to develop cost-effective soil-conservation
and land-runoff control measures. The Board encourages their continuation, in
order to reduce the nonpoint loading of phosphorus and other pollutants to the
lake.
AREAS OF CONCERN
There are certain localized areas in the Great Lakes Basin where environ-
mental quality is severely degraded. Although these areas constitute only a
relatively small portion of the total area of the basin, they contain a large
percentage of the basin's population and industry and are concentrated loading
points for many pollutants.
With this report, the Board initiates a more comprehensive procedure to
describe and evaluate those localized areas of concern within the lake system
which require special attention by the jurisdictions. Toprovide an ecosystem
perspective, each area of concern is established, based on all available
environmental quality data (sediment, biota, and water), and each area is
evaluated with uniform criteria.
In this report, the Board has identified 39 areas of concern. A brief
description and the justification for the classification of each may be found
in Chapter 2; details are given in Appendix II.
  
 In
consideration
of
the
information
compiled
for
each
area
of
concern,
and
in
consideration
of
the
limited
resources
available
to
formulate
management
plans
to
correct
identified
sources
of
pollution,
the
Water
Quality
Board
recommends that:
18.
The
Governments
place
top
priority
on
the
cleanup
of each area of concern.
AGREEMENT PROGRESS
PULP AND PAPER
In
reporting
on
the
progress
of
remedial
measures
to
control
industrial
sources,
the
Board
has
complemented
its
examination
of
jurisdictional
programs
by
reviewing
pollution
control
activities
of
specific
industrial
sectors.
The
Board
will
continue
this
practice
in
the
future.
In
1977,
the
Board
examined
the
pulp
and
paper,
iron
and
steel,
and
petrochemical
industries.
For
this
year's
report,
a
further
review
of
the
pulp
and
paper
industry
was
undertaken.
The
Board
is
pleased
to
report
that
the
pulp
and
paper
industry
as
a
whole
has
made
significant
progress
in
reducing
loadings
of
such
conventional
pollutants
as
BOD
and
suspended
solids
into
the
Great
Lakes.
Some
pulp
and
paper
mills,
however,
still
contribute
to
water
quality
problems
in
identified
areas of concern.
While
reduced
loadings
for
conventional
pollutants
have
been
achieved,
the
Board
notes
that
persistent
toxic
substances
require
further attention,
especially
in
light
of
the
development
of
new
technology
to
eliminate
or
abate
their
release.
Accordingly,
the
Board
recommends
that:
19.
Jurisdictions
continue with
regulatory
initiatives
to reduce
loadings
of conventional
pollutants,
and
control
technologies
be
applied
to
abate
or
eliminate
releases
of
toxic
pollutants
associated
with
pulp and
paper
production,
particularly
those
which
are
persistent
or
which
bioaccumulate.
Specific
recommendations
which
the
Board
commends
to
the
Commission
concerning
this
industrial
category
may
be
found
in
Chapter
5,
page
58.
The
Board
intends
to
report
on
other
industrial
sectors
in
future
reports.
FUNDING
Since
the
signing
of
the
first
Great
Lakes
Water
Quality
Agreement
in
1972,
considerable
progress
has
been
made
to
restore,
preserve,
and
enhance
the
quality
of
the
Great
Lakes
ecosystem.
The
basis
of
the
1978
Agreement
is
knowledge
about
this
ecosystem.
The
information
base
which
has
been
developed
has
proven
invaluable
in
establishing
programs
and
priorioties
to
provide
cost-effective
solutions
to
issues
and
to
achieve
the
goals
of
the
Agreement.
The
Board
wishes
to
acknowledge
and
commend
the
Parties
for
the
substantial
progress
made
to
date
in
implementing
the
programs
called
for
in
the
Agreement.
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 Progress, however, is dependent on the continuation of these programs and
activities. The Board is keeniy aware that maintenance of current Great Lakes
prog
rams
, a
nd o
f ne
w in
itia
tive
s as
issu
es b
ecom
e be
tter
defi
ned,
requ
ires
resources over and above those conmitted to other domestic environmentai
prog
rams
.
The
Boar
d aT
so r
ecog
nize
s t
he c
urre
nt
econ
omic
cons
trai
nts
and
resource demands which aTT jurisdictions are experiencing. To achieve the
goai
s of
the
Agre
emen
t,
reso
urce
s mu
st b
e co
mmit
ted
in a
cost
-eff
ecti
ve m
anne
r
to the priority Great Lakes issues which the Board has identified in this and
in past reports. The Board therefore recommends that the Parties:
20. Maintain their resource commitments in support of
the specific programs and measures stipulated in
the 1978 Great Lakes Water Quality Agreement.
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 2. Environmental Quality of the Great Lakes
Environmental measurements are made each year in the Great Lakes to assess
compliance with the general and specific objectives of the 1978 Water Quality
Agreement, to evaluate the effectiveness of remedial programs, and to
anticipate whenever possible the changing trends in water quality and the
emergence of new problems. Pollution problems and the responses of juris-
dictions occur at three distinct levels: site—specific, lakewide, and
systemwide.
This chapter describes the environmental quality of the Great Lakes. The
status of each lake is presented for the principal issues of eutrophication
and persistent toxic substances. Also sumnarized are specific areas of
concern within each lake basin. Details about the environmental status of the
Great Lakes are contained in the report of the Surveillance Work Group, "Great
Lakes Surveillance 1980". Details about each particular area of concern are
provided in Appendix II.
AREAS OF CONCERN
In previous reports, the Water Quality Board reported on "problem areas"
in the Great Lakes Basin. A problem area was any locality where Agreement
objectives were exceeded or desired water uses c0uld not be achieved.
However, the problem area approach lacked a consistent assessment of the
problems and usually relied only on water quality data. To provide an
ecosystem perspective, the Water Quality Board has initiated a process to
establish “areas of concern" based on environmental quality data (sediments,
biota, and water) and to evaluate these areas with uniform criteria.
The description and evaluation of an area of concern provides a more
comp
lete
pers
pect
ive
on t
he i
ssue
. A
vail
able
envi
ronm
enta
l d
ata
- fi
sh,
sediment, and water - are used to provide as complete a description as
possible for each area. The 1978 Agreement objectives, along with juris-
dictional standards, criteria, and guidelines, provide the basis for review
and evaluation of these data. To the extent possible, the Board has
established the human health and environmental significance of the observed
ecosystem quality, and has established cause—effect relationship between these
conditions and the sources of environmental insult. This leads to a descrip-
tion of regulatory and remedial measures required to restore ecosystem
integrity. -
The Board employed a set of guidelines to select and evaluate each area of
concern. The Board's guidelines consider which Agreement objectives or juris-
dictional values are violated; the magnitude, persistence, and geographic
extent of the violation; and the age of the data. The guidelines further
consider which uses are impacted, whether the violation is related to current
discharges, and whether there are any transboundary implications. Coupled
with its professional judgment, the Board has classified areas of concern into
two categories:
_ 13 _
  
 1. A Class "A" designation is assigned to those areas exhibiting
significant environmental degradation, where impairment of beneficial
uses is severe.
2.
A Cl
ass
"B"
desi
gnat
ion
is a
ssig
ned
to t
hose
area
s ex
hibi
ting
environmental degradation, where uses may be impaired.
It is recognized that the classification for any specific area is subject
to c
hang
e as
know
ledg
e ab
out
proc
esse
s w
ithi
n th
at l
ocal
e in
crea
ses
or a
s th
e
envi
ronm
enta
l p
robl
em r
espo
nds
to r
emed
ial
meas
ures
.
The
spec
ific
guid
elin
es
used
to e
valu
ate
the
tech
nica
l i
nfor
mati
on f
or e
ach
area
of c
once
rn a
re
prov
ided
in A
ppen
dix
II t
o th
is r
epor
t,
alon
g wi
th t
he r
elev
ant
data
whic
h
were used to make the classification.
The Board is sensitive to the concern that any classification may be
cons
true
d as
taci
t ap
prov
al t
o ab
ando
n re
medi
al
acti
ons
in o
ne a
rea
vis
a vi
s
another. Wherever an Agreement objective or jurisdictional value is exceeded,
ther
e is
a po
tent
ial
or r
eal
thre
at
to p
ubli
c he
alth
, i
mpai
rmen
t of
wate
r us
e,
or deleterious impact on the lake or its denizens, and corrective measures are
req
uir
ed.
The
Boa
rd
une
qui
voc
all
y s
tat
es
tha
t a
ll
ide
nti
fie
d a
rea
s s
hou
ld
be
matters of jurisdictional attention. Because of the highly toxic and,
ther
efor
e,
huma
n-he
alth
-rel
ated
prob
lems
asso
ciat
ed w
ith
some
area
s, a
nd
because of limited financial resources, the Board believes that classification
is n
eces
sary
to a
ssis
t th
e ju
risd
icti
ons
in t
heir
resp
ecti
ve e
nvir
onme
ntal
management programs.
LAKEWIDE AND SYSTEMWIDE PROBLEMS
Environmental quality problems are not, however, always confined to
discrete local areas, but may affect the whole lake (lakewide) or the entire
Great Lakes (systemwide).
Most organic contaminants, because of their diffuse input (e.g. atmo—
spheric) and because of their persistence, have become basinwide problems.
Because of the widespread usage of pesticides such as DDT and herbicides, and
organochlorines such as PCB, there is a strong tendency for these contaminants
to cause systemwide problems. For example, in 1978 the Water Quality Board
notified the International Joint Commission of the presence of dioxin
(2,3,7,8-TCDD), a highly toxic organic contaminant, in fish in Saginaw Bay.
Follow-up studies examining dioxin levels in the eggs of herring gulls found
TCDD levels between 9-14 ng/kg in Lakes Superior, Huron, Erie, and Michigan.
Elevated levels were found in eggs from gull colonies in Saginaw Bay (43-86
ng/kg) and from colonies throughout Lake Ontario (44—68 ng/kg). These
elevated levels are considered to be the result of historic releases in that
2,3,7,8—TCDD levels in Lake Ontario herring gulls have decreased from more
than 700 ng/kg in 1971 to 68 ng/kg in 1980.
In response to the presence of numerous persistent organic contaminants in
the Great Lakes ecosystem, studies have been undertaken to assess the asso-
ciated hazard and risk to human health and the environment. One result is the
development of action levels by the United States Food and Drug Administration
and of health protection guidelines by the Canada Department of National
Health and Welfare, regarding the commercial sale of fish containing such
-14..
 con
tam
ina
nts
as
DDT
,
PCB
,
mir
ex,
tox
aph
ene
,
and
2,3
,7,
8—T
CDD
.
In
add
iti
on,
for
the
pro
tec
tio
n
of
hum
an
hea
lth
,
sev
era
l
jur
isd
ict
ion
s
hav
e
iss
ued
fis
h
co
ns
um
pt
io
n
ad
vi
so
ri
es
.
Fu
rt
he
r,
th
e
19
78
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
con
tai
ns
spe
cif
ic
obj
ect
ive
s
reg
ard
ing
the
max
imu
m c
ont
ami
nan
t l
eve
l
in
fis
h.
Ap
pr
op
ri
at
e
re
fe
re
nc
e
is
ma
de
to
th
es
e
va
lu
es
in
the
di
sc
us
si
on
be
lo
w
on
the
environmental quality of the Great Lakes.
The
Gov
ern
men
ts
of
Can
ada
and
the
Uni
ted
Sta
tes
hav
e
des
ign
ed
leg
isl
ati
on
to
dea
l w
ith
suc
h s
yst
emw
ide
iss
ues
as
not
ed
in
Cha
pte
r 3
of
thi
s r
epo
rt.
The
lak
es,
ho
we
ve
r,
be
ca
us
e
of
th
ei
r
un
iq
ue
ch
ar
ac
te
ri
st
ic
s,
ha
ve
re
sp
on
de
d
in
the
ir
own
ind
ivi
dua
l m
ann
er
as
is
not
ed
in
the
fol
low
ing
lak
e-b
y-l
ake
rev
iew
.
LAKE MICHIGAN
CONTAMINANTS
DD
T
and
its
me
ta
bo
li
te
s
we
re
id
en
ti
fi
ed
as
co
nt
am
in
an
ts
in
the
Gr
ea
t
la
ke
s
in
the
mid
-19
60‘
s,
wit
h
DDT
con
tam
ina
tio
n
bei
ng
par
tic
ula
rly
hig
h
in
Lak
e
Mic
hig
an.
Per
sis
ten
t
org
ani
c
con
tam
ina
nts
rem
ain
a m
ajo
r
env
iro
nme
nta
l
con
cer
n
in
the
Lak
e
Mic
hig
an
Bas
in,
in
spi
te
of
sub
sta
nti
al
pro
gre
ss
to
red
uce
inputs to the lake.
Lev
els
of
DDT
in
blo
ate
r
chu
bs
col
lec
ted
in
the
aut
umn
off
Sau
gat
uck
,
Mic
hig
an
hav
e
dec
lin
ed
mor
e
tha
n
90%
bet
wee
n
196
9
and
198
0.
Sim
ila
r
tre
nds
ha
ve
be
en
ob
se
rv
ed
in
co
ho
sa
lm
on
and
la
ke
tr
ou
t
co
ll
ec
te
d
be
tw
ee
n
19
69
and
197
6,
and
in
he
rr
in
g
gul
l
eg
gs
co
ll
ec
te
d
be
tw
ee
n
197
1
and
198
0.
Th
es
e
dec
lin
es
dem
ons
tra
te
the
rap
id
res
pon
se
thr
oug
hou
t
the
bio
log
ica
l
sys
tem
to
th
e
ban
on
the
us
e
of
DDT
,
wh
ic
h
we
nt
int
o
ef
fe
ct
du
ri
ng
197
0.
An
es
ti
ma
te
d
80
to
90%
of
th
e
PCB
re
ac
hi
ng
La
ke
Mi
ch
ig
an
co
me
s
by
wa
y
of
'
th
e
at
mo
sp
he
re
.
PC
B
en
te
rs
th
e
at
mo
sp
he
re
wh
en
ma
te
ri
al
s
co
nt
ai
ni
ng
th
is
su
bs
ta
nc
e
are
in
ci
ne
ra
te
d
or
wh
en
th
ey
es
ca
pe
fr
om
la
nd
fi
ll
s
vi
a
vo
la
ti
za
-
ti
on
.
In
ad
di
ti
on
,
th
e
ve
ry
hi
ghc
on
ce
nt
ra
ti
on
of
PC
B
in
th
e
se
di
me
nt
at
Wau
keg
an
Har
bor
is
a s
our
ce
for
con
tam
ina
tio
n
to
the
lak
e.
In
res
pon
se
to
co
nt
ro
ls
on
th
e
ma
nu
fa
ct
ur
e,
us
e,
an
d
di
sp
os
al
of
PC
B,
le
ve
ls
in
fi
sh
ar
e
dec
lin
ing
,
but
the
lac
k
of
qua
lit
y
ass
ura
nce
pla
ces
in
dou
bt
the
con
fir
mat
ion
of
an
y
do
wn
wa
rd
tr
en
d.
De
ta
il
s
ar
e
gi
ve
n
in
the
19
80
re
po
rt
of
th
e
Surveillance Work Group.
In
spi
te
of
the
ban
on
the
use
of
die
ldr
in,
lev
els
in
fis
h p
opu
lat
ion
s
(c
oh
o
sa
lm
on
an
d
la
ke
tr
ou
t)
an
d
he
rr
in
g
gu
ll
eg
gs
ha
ve
no
t
de
cr
ea
se
d,
an
d
con
cen
tra
tio
ns
hav
e
inc
rea
sed
in
blo
ate
r
chu
bs.
Rea
son
s
for
the
del
aye
d
re
sp
on
se
to
co
nt
ro
ls
wa
rr
an
t
fu
rt
he
r
re
se
ar
ch
wi
th
re
ga
rd
to
th
e
ro
le
of
dieldrin in the Great Lakes ecosystem.
A
ma
jo
r
co
nc
er
n
of
th
e
fi
sh
er
ie
s
in
La
ke
Mi
ch
ig
an
is
th
at
ve
ry
fe
w
na
tu
ra
ll
y
pr
od
uc
ed
la
ke
tr
ou
t
ha
ve
be
en
fo
un
d
fo
r
ov
er
a
de
ca
de
.
It
ha
s
be
en
su
gg
es
te
d
th
at
to
xi
c
su
bs
ta
nc
es
su
ch
as
DD
T
an
d
PC
B
ad
ve
rs
el
y
af
fe
ct
th
e
la
ke
tr
ou
t
re
pr
od
uc
ti
on
.
Re
ce
nt
st
ud
ie
s
fo
un
d
th
at
cu
mu
la
ti
ve
mo
rt
al
it
y
of
la
ke
tr
ou
t
fr
y
ex
po
se
d
to
si
mu
la
te
d
La
ke
Mi
ch
ig
an
le
ve
ls
of
PC
B
an
d
DD
T
fo
r
si
x
mo
nt
hs
wa
s
tw
ic
e
th
at
of
un
ex
po
se
d
fry
.
Al
th
ou
gh
se
ve
ra
l
fa
ct
or
s
pr
ob
ab
ly
co
nt
ri
bu
te
d
to
th
e
la
ck
of
na
tu
ra
l
re
pr
od
uc
ti
on
,
le
ve
ls
of
PC
B
an
d
DD
T
in
th
e
mi
d-
19
70
's
we
re
su
ff
ic
ie
nt
to
re
du
ce
su
rv
iv
al
of
an
y
fr
y
pr
od
uc
ed
in
th
e
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lak
e.
The
add
ed
exp
osu
re
of
the
fry
to
oth
er
tox
ic
sub
sta
nce
s
kno
wn
to
be
pre
sen
t i
n t
he
lak
e c
oul
d h
ave
fur
the
r r
edu
ced
sur
viv
al.
Thi
s e
xam
ple
ill
ust
rat
es
the
Boa
rd'
s c
onc
ern
tha
t a
n e
cos
yst
em
app
roa
ch
be
use
d,
bec
aus
e o
f
the
int
era
cti
ve
nat
ure
of
wat
er
qua
lit
y a
nd
res
our
ce
man
age
men
t.
EUTROPHICATION
Pho
sph
oru
s
is
con
sid
ere
d
to
be
the
pri
nci
pal
nut
rie
nt
con
tro
lli
ng
eut
ro—
phi
cat
ion
in
Lak
e M
ich
iga
n.
Bet
wee
n
197
6 a
nd
197
7,
the
tot
al
pho
sph
oru
s
con
cen
tra
tio
n d
ecr
eas
ed
by
2.4
pg/
L (
mor
e t
han
30%
)
in
the
ope
n w
ate
rs
of
the
sou
the
rn
bas
in.
Thi
s s
udd
en
and
dra
mat
ic
cha
nge
was
acc
omp
ani
ed
by
imp
rov
eme
nts
in
all
oth
er
ind
ica
tor
s o
f t
rop
hic
sta
tus
:
phy
top
lan
kto
n
pop
ula
tio
ns
dec
rea
sed
and
spe
cie
s
shi
fte
d
tow
ard
oli
got
rop
hic
for
ms,
the
wat
er
cla
rit
y i
ncr
eas
ed,
and
chl
oro
phy
ll
con
cen
tra
tio
ns
dec
rea
sed
.
Dat
a f
rom
the
Chi
cag
o
Sou
th
Wat
er
Fil
tra
tio
n
Pla
nt
con
fir
med
the
imp
rov
eme
nt
and
ind
ica
ted
tha
t i
mpr
ove
d c
ond
iti
ons
per
sis
ted
thr
oug
h 1
979.
Dur
ing
1980
, h
owe
ver
,
pho
sph
oru
s
con
cen
tra
tio
ns
beg
an
to
go
bac
k
up
but
did
not
app
roa
ch
pre
-19
77
levels.
It
is
bel
iev
ed
tha
t a
lar
ge
por
tio
n o
f t
he
obs
erv
ed
cha
nge
s
is
ass
oci
ate
d
wit
h
the
sev
ere
win
ter
con
dit
ion
s
tha
t
occ
urr
ed
bet
wee
n
197
6
and
197
9.
The
inc
rea
se
in
pho
sph
oru
s c
onc
ent
rat
ion
in
198
0 m
ay
be
ass
oci
ate
d w
ith
the
mil
d
win
ter
of
197
9—1
980
.
Clo
se
exa
min
ati
on
of
pas
t d
ata
ind
ica
tes
tha
t s
imi
lar
rap
id
cha
nge
s h
ave
occ
urr
ed
man
y t
ime
s a
nd
in
oth
er
Take
s a
s w
ell
.
Thi
s
str
ong
ly
sug
ges
ts
tha
t
nat
ura
l
pro
ces
ses
,
esp
eci
all
y
ice
cov
er,
may
pla
y
an
imp
ort
ant
rol
e i
n d
ete
rmi
nin
g a
ver
age
ann
ual
cha
nge
s i
n o
pen
-wa
ter
nut
rie
nt
concentrations.
AREAS OF CONCERN
CLASS "A"
Th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
has
id
en
ti
fi
ed
fo
ur
Cl
as
s
"A"
ar
ea
s
of
co
nc
er
n
in
th
e
La
ke
Mi
ch
ig
an
Ba
si
n:
th
e
Fo
x
Ri
ve
r/
So
ut
he
rn
Gr
ee
n
Ba
y,
Mi
lw
au
ke
e
Es
tu
ar
y,
Na
uk
eg
an
Ha
rb
or
,
and
th
e
Gr
an
d
Ca
lu
me
t
Ri
ve
r
and
In
di
an
a
Ha
rb
or
Ca
na
l.
A
br
ie
f
de
sc
ri
pt
io
n
of
the
en
vi
ro
nm
en
ta
l
pr
ob
le
ms
en
co
un
te
re
d
in
th
es
e
ar
ea
s
is
given below.
Fox
Riv
er/
Sou
the
rn
Gre
en
Bay
,
Wis
con
sin
.
Sed
ime
nts
in
the
Fox
Riv
er
nea
r
th
e
ri
ve
r
mo
ut
h
in
Gr
ee
n
Ba
y
are
he
av
il
y
po
ll
ut
ed
.
In
du
st
ri
al
ch
em
ic
al
s
are
pre
sen
t i
n b
oth
fis
h a
nd
wat
ers
.
The
are
a f
ish
ery
is
imp
air
ed,
and
rec
rea
tio
nal
con
tac
t
use
of
the
wat
er
is
res
tri
cte
d.
Mil
wau
kee
Est
uar
y,
Wis
con
sin
.
The
Mil
wau
kee
Est
uar
y,
inc
lud
ing
Mil
wau
kee
Har
bor
and
the
inf
low
ing
tri
but
ari
es
(Mi
lwa
uke
e
Riv
er,
Men
omi
nee
Riv
er,
and
Kin
nic
kin
nic
Riv
er)
,
con
tai
n s
edi
men
ts
pol
lut
ed
wit
h P
CB
and
met
als
,
fi
sh
co
nt
am
in
at
ed
wi
th
PC
B
an
d
DD
T,
an
d
de
gr
ad
ed
wa
te
r
qu
al
it
y
wi
th
res
pec
t t
o m
eta
ls
such
as
zin
c,
cad
miu
m,
and
mer
cur
y.
The
fis
her
y i
s
impaired.‘
Nau
keg
an
Har
bor
, I
lli
noi
s.
PCB
con
tam
ina
tio
n o
f W
auk
ega
n H
arb
or
has
im
pa
ct
ed
the
ar
ea
fi
sh
er
y;
si
gn
s
ha
ve
be
en
po
st
ed
wa
rn
in
g
the
pu
bl
ic
not
to
eat
fis
h
cau
ght
in
the
har
bor
.
Bec
aus
e
of
res
tri
cti
ons
on
the
dre
dgi
ng
and
dis
pos
al
of
con
tam
ina
ted
sed
ime
nts
,
res
tri
cti
ons
hav
e
bee
n
imp
ose
d
on
navigation.
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 Grand Calumet River and Indiana Harbor Canal, Indiana. Many years of
heavy industrial development along the Grand Calumet River and Indiana
Harbor Canal has rendered the area fishery nonexistent. Recreational use
is severely restricted: Hammond Beach is permanently closed; other area
beaches are often closed, especially after storms and, recently, Chicago
beaches have also been occasionally closed. The Chicago public water
intake is at times adversely affected. Restrictions on dredging and
disposal of contaminated sediments have resulted in restrictions on
dredging for navigation.
CLASS "B"
The Water Quality Board has also identified five Class "B" areas of
concern: the Manistique River, the Menominee River, Sheboygan, Muskegon, and
White Lake. A brief sumnary of the environmental problems encountered in
these areas is given below.
Manistique River, Michigan. Sediments are contaminated with PCB as the
resu
lt o
f pa
st d
isch
arge
s fr
om p
aper
mill
s.
The
exte
nt t
o wh
ich
fish
have
been affected is being investigated.
 
Menominee River, Michigan-Wisconsin. Sediments and water in the lower
Menominee River are heavily contaminated with arsenic. Fish contain
elevated levels of mercury, PCB, and DDT. Dredging for navigational
purp
oses
is r
estr
icte
d,
sinc
e sp
ecia
l d
redg
ing
and
disp
osal
meth
ods
are
required to deal safely with the arsenic-contaminated sediments and
associated water.
Sheboygan, Wisconsin. Because of heavy PCB contamination, the area
fishery is degraded. Restrictions on dredging and disposal of polluted
sediments have resulted in restrictions on navigation.
Muskegon Lake, Michigan. A 1980 survey found that sediments along the
southeast shoreline of Muskegon Lake are heavily contaminated by metals
and a number of organic compounds, including benzidene, naphthalene,
benzofluoranthene, and benzo(a)pyrene. Findings from a 1981 sediment
survey will help to further define the problem.
White Lake, Montague, Michigan. Groundwater, fish, and sediment in the
White Lake area are contaminated with pesticide waste. Although area
residents may catch and eat fish native to White Lake, the state has
advi
sed
them
not
to u
se l
arge
r pr
edat
or s
peci
es a
s a
majo
r fo
od i
n th
eir
diet.
LAKE SUPERIOR
The surveillance strategy presently outlined in the Great Lakes Inter-
nati
onal
Surv
eill
ance
Plan
call
s fo
r in
tens
ive
surv
eill
ance
of L
ake
Supe
rior
in 1983. Only information obtained from annual programs is reported here on
the issues of contaminants and eutrophication.
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CONTAMINANTS
As
be
st
os
is
a
co
nt
am
in
an
t
pr
ob
le
m
un
iq
ue
to
th
e
we
st
er
n
po
rt
io
n
of
th
e
Lak
e
Sup
eri
or
Bas
in.
The
fib
res
wer
e
ass
oci
ate
d
wit
h
the
tac
oni
te
tai
lin
gs
di
sc
ha
rg
ed
at
Si
lv
er
Ba
y,
Mi
nn
es
ot
a.
Pr
io
r
to
19
80
,
th
e
av
er
ag
e
am
ph
ib
ol
e
fib
re
con
cen
tra
tio
n
in
raw
wat
er
col
lec
ted
at
the
Dul
uth
pub
lic
wat
er
int
ake
was
100
mi
ll
io
n
fi
br
es
pe
r
lit
re.
Su
bs
eq
ue
nt
to
the
ce
ss
at
io
n
of
th
e
ta
il
in
gs
di
sc
ha
rg
e
in
Ap
ri
l
198
0,
th
e
co
nc
en
tr
at
io
ns
in
ra
w
La
ke
Su
pe
ri
or
wa
te
r
sa
mp
le
s
co
ll
ec
te
d
fr
om
no
rt
he
as
te
rn
Mi
nn
es
ot
a
mu
ni
ci
pa
l
wa
te
r
in
ta
ke
s
ha
ve
pr
og
re
ss
—
iv
el
y
de
cr
ea
se
d.
At
Du
lu
th
,
th
e
av
er
ag
e
co
nc
en
tr
at
io
n
has
de
cr
ea
se
d
mo
re
th
an
90
%.
Si
nc
e
th
e
ta
il
in
gs
co
ve
r
mo
re
th
an
1,
00
0
sq
ua
re
mi
le
s
of
la
ke
bo
tt
om
,
res
usp
ens
ion
may
con
tin
ue
to
pro
duc
e
mea
sur
abl
e
lev
els
of
amp
hib
ole
fib
res
in
the Duluth area for some time.
Dur
ing
the
lat
e
196
0's
and
ear
ly
197
0's
,
it
was
app
are
nt
tha
t
PCB
and
DDT
re
si
du
e
le
ve
ls
in
lak
e
tr
ou
t
of
La
ke
Su
pe
ri
or
we
re
at
el
ev
at
ed
lev
els
,
and
the
se
lev
els
app
ear
ed
to
be
sta
tic
des
pit
e
the
ban
s
on
use
of
the
se
com
pou
nds
.
Ho
we
ve
r,
an
al
ys
es
of
fi
sh
sa
mp
le
s
co
ll
ec
te
d
of
f
Th
un
de
r
Ba
y
du
ri
ng
19
80
ha
ve
ind
ica
ted
low
lev
els
of
DDT
(0.
35
ug/
g)
and
PCB
(0.
85
ug/
g)
as
com
par
ed
wit
h
lev
els
fou
nd
in
ear
lie
r
stu
die
s.
Mer
cur
y
lev
els
in
fis
h
wer
e
als
o
a h
ist
ori
c
pro
ble
m o
f
thi
s
are
a,
but
the
198
0
sam
pli
ng
rev
eal
ed
an
ave
rag
e
mer
cur
y
con
ten
t
in
1ak
e t
rou
t o
f o
_32
pg/
g,
wel
l
bel
ow
the
Agr
eem
ent
obj
ect
ive
of
0.5 Hg 9.
Stu
die
s
by
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
in
the
ear
ly
197
0's
fou
nd
si
mi
la
r
co
nc
en
tr
at
io
ns
of
su
ch
pe
rs
is
te
nt
or
ga
ni
c
co
mp
ou
nd
s
as
PCB
,
he
xa
—
chl
oro
ben
zen
e,
hep
tac
hlo
r
epo
xid
e,
and
met
hox
ych
lor
in
fis
h
fro
m
Lak
e
Sup
eri
or
and
in
fis
h
fr
om
Si
sk
iw
it
Lak
e,
an
in
la
nd
lak
e
on
Isl
e
Ro
ya
le
.
Mo
re
re
ce
nt
ly
,
hi
gh
le
vel
s
of
to
xa
ph
en
e
(3.
2
pg
/g
)
ha
ve
be
en
fo
un
d
in
lak
e
tr
ou
t
ta
ke
n
fr
om
Sis
kiw
it
Lake
.
Sin
ce
this
lake
, l
oca
ted
in
a w
ild
ern
ess
nat
ion
al
park
, h
as
rec
eiv
ed
no
kno
wn
dir
ect
dis
cha
rge
s o
f t
hes
e c
omp
oun
ds,
atm
osp
her
ic
tra
nsp
ort
and
dep
osi
tio
n
is
cle
arl
y
ind
ica
ted
as
the
sou
rce
of
inp
ut.
The
ide
nti
fic
a—
tio
n o
f t
oxa
phe
ne
in
lake
tro
ut
tak
en
fro
m S
isk
iwi
t L
ake
ind
ica
tes
tha
t
org
ani
c c
ont
ami
nan
ts
rem
ain
a s
eri
ous
pro
ble
m
in
the
Lak
e S
upe
rio
r B
asi
n
due
to atmospheric deposition.
PCB
leve
ls
in
her
rin
g g
ull
egg
s h
ave
not
dec
lin
ed
as
rap
idl
y i
n L
ake
Sup
eri
or
as
com
par
ed
wit
h t
he
Low
er
Lak
es.
DDT
lev
els
hav
e s
how
n
a
sig
nif
ica
nt
dec
lin
e.
Die
ldr
in
leve
ls
rem
ain
ele
vat
ed,
wit
h l
itt
le
evi
den
ce
tha
t l
eve
ls
of
thi
s c
ont
ami
nan
t h
ave
yet
res
pon
ded
to
con
tro
ls
on
pro
duc
tio
n
and use.
EUTROPHICATION
The
con
cen
tra
tio
ns
of
nut
rie
nts
in
the
ope
n w
ate
rs
of
Lak
e S
upe
rio
r w
ere
mea
sur
ed
in
197
3 a
s p
art
of
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up
stu
dy.
The
Ref
ere
nce
Gro
up
rep
ort
ed
tha
t t
her
e w
as
lit
tle
evi
den
ce
of
lon
g-t
erm
cha
nge
s
in
gen
era
l w
ate
r q
ual
ity
ind
ice
s r
ega
rdi
ng
eut
rop
hic
ati
on
in
Lak
e S
upe
rio
r.
The
lak
e w
as
cla
ssi
fie
d a
s o
lig
otr
oph
ic.
Con
tri
but
ing
fac
tor
s
are
the
lar
ge
vol
ume
of
the
lak
e,
its
ver
y
low
tem
per
atu
re,
and
the
low
nut
rie
nt
loa
din
gs.
The
Boa
rd
loo
ks
for
war
d t
o t
he
res
ult
s o
f t
he
nex
t m
ajo
r o
pen
-wa
ter
int
ens
ive
sur
vey
of
the
lak
e,
sch
edu
led
for
198
3 a
s p
art
of
the
Gre
at
Lak
es
Int
er-
nat
ion
al
Sur
vei
lla
nce
Pla
n.
The
se
res
ult
s w
ill
ide
nti
fy
any
cha
nge
s
in
lak
e
water quality.
_ 18 _
 AREAS OF CONCERN
Wit
hin
the
Lak
e S
upe
rio
r B
asi
n,
the
re
are
no
env
iro
nme
nta
l
pro
ble
ms
whi
ch
are
suf
fic
ien
tly
sig
nif
ica
nt
to
war
ran
t a
Cla
ss
"A"
des
ign
ati
on.
The
re
are,
how
eve
r,
fiv
e a
rea
s w
hic
h
in
the
opi
nio
n o
f t
he
Wat
er
Qua
lit
y B
oar
d b
elo
ng
in
the
“B”
cat
ego
ry.
The
se
are
as
are
bri
efl
y s
umm
ari
zed
bel
ow.
CLASS "B"
St.
Lou
is
Riv
er,
Min
nes
ota
.
The
St.
Lou
is
Riv
er
was
hea
vil
y p
oll
ute
d
sev
era
l
yea
rs
ago
.
Tho
ugh
rem
edi
al
pro
gra
ms
hav
e
sub
sta
nti
all
y
res
olv
ed
the
pro
ble
m,
res
idu
al
pol
lut
ion
rem
ain
s
in
the
Nor
th
Cha
nne
l
in
St.
Lou
is
Bay
,
whe
re
sed
ime
nts
are
mod
era
tel
y
to
hea
vil
y
pol
lut
ed.
It
is
exp
ect
ed
that
, t
hro
ugh
nat
ura
l p
urg
ing
, c
ont
ami
nan
t c
onc
ent
rat
ion
s w
ill
dec
rea
se
to
acc
ept
abl
e
lev
els
.
Dur
ing
the
ear
ly
197
0's
,
mer
cur
y
lev
els
in
fis
h
1
exc
eed
ed
FDA
gui
del
ine
s
but
,
in
197
9,
lev
els
wer
e w
ell
bel
ow
thi
s a
cti
on
level.
Th
un
de
r
Bay
,
On
ta
ri
o.
Co
nt
am
in
at
io
n
of
se
di
me
nt
s
wi
th
me
rc
ur
y
in
so
me
na
vi
ga
bl
e
po
rt
io
ns
of
the
ha
rb
ou
r
and
the
Ka
mi
ni
st
ik
wi
a
Ri
ve
r
has
nec
ess
ita
ted
the
dev
elo
pme
nt
of
a
lon
g-t
erm
con
fin
ed
dis
pos
al
bas
in.
The
so
ur
ce
of
me
rc
ur
y
was
a
fo
rm
er
in
du
st
ri
al
so
ur
ce
.
Re
si
du
al
me
rc
ur
y
con
tam
ina
tio
n o
f s
edi
men
ts
and
bio
ta
may
be
con
tri
but
ing
to
con
tin
ued
ele
vat
ed
con
cen
tra
tio
ns
in
spo
rt
and
com
mer
cia
l
fis
h.
Loc
ali
zed
oxy
gen
dep
let
ion
and
bac
ter
ial
con
tam
ina
tio
n
occ
ur
in
the
Inn
er
Har
bou
r
and
Ka
mi
ni
st
ik
wi
a
Ri
ve
r
mo
ut
h
ar
ea
s
but
do
not
ge
ne
ra
ll
y
de
gr
ad
e
ex
is
ti
ng
water uses.
 
Nip
igo
n
Bay
,
Ont
ari
o.
Lim
ite
d
mix
ing
in
the
dis
cha
rge
are
a
is
con
tri
but
ing
to
loc
ali
zed
exc
eed
enc
es
of
dis
sol
ved
sol
ids
,
phe
nol
s,
and
I
l
l
san
ita
ry
ind
ica
tor
bac
ter
ia
obj
ect
ive
s.
Exi
sti
ng
wat
er
use
s a
re
not
generally affected.
Jac
kfi
sh
Bay
,
Ont
ari
o.
Sed
ime
nt
con
tam
ina
tio
n,
inc
lud
ing
loc
ali
zed
tox
ici
ty
to
ben
thi
c
org
ani
sms
,
and
exc
eed
enc
es
of
dis
sol
ved
sol
ids
and
I
phe
nol
ics
obj
ect
ive
s
occ
ur
in
the
Mob
erl
y
Bay
por
tio
n
of
Jac
kfi
sh
Bay
.
1
Som
e
use
imp
air
men
t
is
ass
oci
ate
d
wit
h
the
loc
ali
zed
int
erf
ere
nce
wit
h
I
fis
her
ies
hab
ita
t.
L
l
l
l
l
l
Pen
ins
ula
Har
bou
r,
Ont
ari
o.
Loc
al
aes
the
tic
deg
rad
ati
on
res
ult
s
fro
m
foa
m
and
su
sp
en
de
d
so
li
ds
.
Re
si
du
al
me
rc
ur
y
co
nt
am
in
at
io
n
of
se
di
me
nt
s
and
bio
ta
may
als
o b
e c
ont
rib
uti
ng
to
ele
vat
ed
lev
els
in
spo
rt
and
com
mer
cia
l
fish.
LAKE HURON
As
not
ed
in
the
197
7 r
epo
rt
of
the
Upp
er
Lak
es
Ref
ere
nce
Gro
up,
eut
ro—
ph
ic
at
io
n
is
not
co
ns
id
er
ed
to
be
a
se
ve
re
en
vi
ro
nm
en
ta
l
pr
ob
le
m
in
La
ke
Hur
on,
exc
ept
in
loc
ali
zed
nea
rsh
ore
are
as
and
in
Sag
ina
w B
ay.
Con
cer
n
re
ga
rd
in
g
co
nt
am
in
an
ts
in
La
ke
Hu
ro
n
has
be
en
fo
cu
se
d
on
the
fi
nd
in
g
of
di
ox
in
(2,
3,7
,8-
TCD
D)
in
Sag
ina
w
Bay
,
as
rep
ort
ed
in
the
197
8
Wat
er
Qua
lit
y
Boa
rd
re
po
rt
.
Fo
ll
ow
-u
p
st
ud
ie
s
are
re
po
rt
ed
in
thi
s
se
ct
io
n
al
on
g
wi
th
ot
he
r
con
tam
ina
nt
inf
orm
ati
on.
Res
ult
s
of
the
int
ens
ive
sur
vei
lla
nce
eff
ort
in
198
0
wil
l
be
rep
ort
ed
by
the
Wat
er
Qua
lit
y
Boa
rd
in
198
2.
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 CONTAMINANTS
Th
er
e
is
a
Ta
ck
of
hi
st
or
ic
in
fo
rm
at
io
n
on
th
e
Te
ve
Ts
of
co
nt
am
in
an
ts
in
fi
sh
fr
om
La
ke
Hu
ro
n
wh
ic
h
co
qu
be
us
ed
to
as
se
ss
en
vi
ro
nm
en
ta
i
tr
en
ds
.
In
19
80
,
Te
ve
is
of
DD
T,
PC
B,
an
d
di
eI
dr
in
in
Ta
ke
tr
ou
t,
sm
ei
t,
an
d
wa
TT
ey
e
we
re
be
To
w
th
e
ob
je
ct
iv
es
of
th
e
19
78
Wa
te
r
Qu
ai
it
y
Ag
re
em
en
t.
Tr
en
ds
in
th
e
Ie
ve
Ts
of
co
nt
am
in
an
ts
in
he
rr
in
g
gu
TI
eg
gs
co
TI
ec
te
d
fr
om
La
ke
Hu
ro
n
ar
e
ve
ry
si
mi
Ta
r
to
th
os
e
de
sc
ri
be
d
in
La
ke
Su
pe
ri
or
wi
th
Ti
tt
ie
ch
an
ge
in
Te
ve
Ts
of
PC
B,
aI
th
ou
gh
su
bs
ta
nt
ia
i
de
cT
in
es
of
DD
T
be
tw
ee
n
19
74
an
d
19
80
ha
ve
be
en
ob
se
rv
ed
.
Si
mi
Ta
rI
y,
di
er
ri
n
Te
ve
Ts
in
he
rr
in
g
gu
TT
eg
gs
ha
ve
es
se
nt
ia
TT
y
re
ma
in
ed
st
at
ic
.
In
it
s
19
78
re
po
rt
,
th
e
Wa
te
r
Qu
aT
it
y
Bo
ar
d
re
po
rt
ed
th
at
tr
ac
e
qu
an
ti
ti
es
of
2,
3,
7,
8—
te
tr
ac
h1
or
od
ib
en
zo
-p
ar
a—
di
ox
in
(2
,3
,7
,8
—T
CD
D)
we
re
pr
es
en
t
in
fi
sh
co
TT
ec
te
d
fr
om
th
e
Sa
gi
na
w
an
d
Ti
tt
ab
aw
as
se
e
Ri
ve
r
Sy
st
em
.
In
19
80
,
he
rr
in
g
gu
TT
eg
gs
we
re
co
TI
ec
te
d
fr
om
tw
o
co
Io
ni
es
in
Sa
gi
na
w
Ba
y,
as
we
IT
as
ot
he
r
co
Io
ni
es
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
e
Te
ve
I
of
2,
3,
7,
8-
TC
DD
in
eg
gs
fr
om
th
e
Ch
an
ne
I
Sh
ei
te
r
Is
Ia
nd
co
To
ny
wa
s
86
ng
/k
g,
an
d
wa
s
43
ng
/k
g
in
eg
gs
fr
om
th
e
Li
tt
Te
Ch
ar
it
y
Is
Ta
nd
co
To
ny
.
Th
es
e
Te
ve
Ts
ar
e
ap
pr
ox
im
at
ei
y
si
x
ti
me
s
hi
gh
er
th
an
th
e
"b
as
eT
in
e"
Te
ve
is
in
eg
gs
fr
om
co
To
ni
es
in
La
ke
s
Mi
ch
ig
an
,
Su
pe
ri
or
,
Er
ie
,
an
d
ot
he
r
ar
ea
s
of
Hu
ro
n.
Th
es
e
eT
ev
at
ed
Te
ve
Ts
in
he
rr
in
g
gu
IT
eg
gs
co
rr
ob
or
at
e
th
e
ea
rT
ie
r
fi
nd
in
gs
of
2,
3,
7,
8-
TC
DD
in
ar
ea
fi
sh
.
Gu
id
eT
in
es
fo
r
th
e
co
ns
um
pt
io
n
an
d
sa
Ie
of
fi
sh
co
nt
ai
ni
ng
2,
3,
7,
8-
TC
DD
ar
e
di
sc
us
se
d
in
th
e
La
ke
On
ta
ri
o
se
ct
io
n
(p
ag
e
25
).
Ad
di
ti
on
aT
de
ta
ii
s
ab
ou
t
di
ox
in
in
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m
ar
e
pr
es
en
te
d
in
th
e
re
po
rt
of
th
e
Su
rv
ei
TT
an
ce
Wo
rk
Gr
ou
p,
"G
re
at
La
ke
s
Su
rv
ei
IT
an
ce
19
80
".
EUTROPHICATION
Sa
gi
na
w
Ba
y
is
th
e
pr
im
ar
y
ar
ea
of
La
ke
Hu
ro
n
wh
ic
h
ha
s
be
en
de
gr
ad
ed
be
ca
us
e
of
ex
ce
ss
iv
e
nu
tr
ie
nt
in
pu
ts
.
Sa
gi
na
w
Ba
y
co
nt
in
ue
s
to
sh
ow
im
pr
ov
e—
me
nt
as
a
re
su
Tt
of
ph
os
ph
or
us
re
mo
va
T
wi
th
in
th
e
st
at
e
of
Mi
ch
ig
an
.
Du
ri
ng
19
80
,
th
e
ph
os
ph
or
us
Io
ad
in
g
fr
om
th
e
Sa
gi
na
w
Ri
ve
r
to
Sa
gi
na
w
Ba
y
wa
s
ap
pr
ox
im
at
ei
y
9%
hi
gh
er
th
an
19
79
.
Th
is
9%
in
cr
ea
se
re
su
It
ed
fr
om
hi
gh
er
tr
ib
ut
ar
y
fT
ow
du
ri
ng
19
80
.
Th
e
sp
ri
ng
ch
To
ro
ph
yT
T
Ie
ve
Ts
,
ho
we
ve
r,
we
re
su
bs
ta
nt
ia
ii
y
re
du
ce
d
be
To
w
th
os
e
of
th
e
ea
rT
y
19
70
‘s
.
Co
nt
in
ue
d
im
pr
ov
em
en
t
of
wa
te
r
qu
aT
it
y
is
no
te
d
du
ri
ng
th
e
fa
TT
pe
ri
od
wi
th
th
e
co
mp
ie
te
ab
se
nc
e
of
ta
st
e
an
d
od
ou
r
pr
ob
Te
ms
at
th
e
Sa
gi
na
w—
Mi
di
an
d
wa
te
r
tr
ea
tm
en
t
pT
an
t.
AREAS OF CONCERN
CLASS "A"
Th
er
e
ar
e
tw
o
CT
as
s
"A
"
ar
ea
s
of
co
nc
er
n
wi
th
in
th
e
La
ke
Hu
ro
n
Ba
si
n:
th
e
St
.
Ma
ry
s
Ri
ve
r
an
d
th
e
Sa
gi
na
w
Ri
ve
r
Sy
st
em
an
d
Sa
gi
na
w
Ba
y.
St
.
Ma
ry
s
Ri
ve
r.
ET
ev
at
ed
ph
en
oT
ic
an
d
ba
ct
er
ia
T
Te
ve
Ts
ex
is
t
aT
on
g
th
e
Sa
ui
t
St
e.
Ma
ri
e,
On
ta
ri
o
wa
te
rf
ro
nt
an
d
ha
ve
To
ca
TT
y
re
st
ri
ct
ed
re
cr
ea
ti
on
ai
us
e.
Th
e
ph
en
oT
ic
ob
je
ct
iv
e
is
ex
ce
ed
ed
ac
ro
ss
th
e
in
te
rn
at
io
na
T
bo
un
da
ry
.
Th
is
is
th
e
on
Iy
in
st
an
ce
in
th
e
Up
pe
r
La
ke
s
wh
er
e
po
TT
ut
io
n
fr
om
a
si
te
—s
pe
ci
fi
c
so
ur
ce
cr
os
se
s
th
e
bo
un
da
ry
.
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Sa
gi
na
w
Ri
ve
r
Sy
st
em
and
Sa
gi
na
w
Bay
,
Mi
ch
ig
an
.
The
fi
sh
er
y
of
the
Sa
gi
na
w
Ri
ve
r
Sy
st
em
an
d
Sa
gi
na
w
Ba
y
is
im
pa
ct
ed
by
PC
B,
P8
8,
an
d
di
ox
in
co
nt
am
in
at
io
n.
Fi
sh
co
ns
um
pt
io
n
ban
s
are
in
ef
fe
ct
for
po
rt
io
ns
of
th
e
ar
ea
ri
ve
rs
,
an
d
a
fi
sh
co
ns
um
pt
io
n
ad
vi
so
ry
is
in
ef
fe
ct
fo
r
Sa
gi
na
w
Bay
.
Se
di
me
nt
s
in
th
e
Pi
ne
Ri
ve
r
are
co
nt
am
in
at
ed
wi
th
P88
,
and
se
di
me
nt
s
in
the
Sa
gi
na
w
Ri
ve
r
are
co
nt
am
in
at
ed
wi
th
PCB
.
Wa
te
r
qu
al
it
y
is
de
gr
ad
ed
,
and
Sa
gi
na
w
Ba
y
is
mo
de
ra
te
ly
eu
tr
op
hi
c,
as
di
sc
us
se
d
un
de
r
th
e
previous section.
 
CLASS "B"
Th
er
e
ar
e
th
re
e
Cl
as
s
"B
"
ar
ea
s
of
co
nc
er
n
wi
th
in
th
e
La
ke
Hu
ro
n
Ba
si
n:
th
e
Sp
an
is
h
Ri
ve
r
mo
ut
h,
Pe
ne
ta
ng
Ba
y
to
St
ur
ge
on
Ba
y,
an
d
Co
ll
in
gw
oo
d.
Sp
an
is
h
Ri
ve
r
Mo
uth
,
On
ta
ri
o.
Ta
in
ti
ng
of
fi
sh
fl
es
h
wh
il
e
be
in
g
mu
ch
le
ss
of
a
pr
ob
le
m
th
an
in
th
e
ea
rl
y
19
70
's
is
st
il
l
pr
ev
al
en
t
in
th
e
ri
ve
r
and mouth area.
Pe
ne
ta
ng
Ba
y
to
St
ur
ge
on
Ba
y,
On
ta
ri
o.
Li
mi
te
d
ex
ch
an
ge
of
th
e
wa
te
rs
of
Ge
or
gi
an
Ba
y
an
d
th
e
wa
te
rs
in
em
ba
ym
en
t
ar
ea
s
re
ce
iv
in
g
tr
ea
te
d
mu
ni
ci
pa
l
ef
fl
ue
nt
s
in
th
is
su
mn
er
re
so
rt
ar
ea
ar
e
sl
ow
in
g
th
e
re
sp
on
se
to
ph
os
-
phorus control.
Co
ll
in
gw
oo
d
Ha
rb
ou
r,
On
ta
ri
o.
En
ri
ch
me
nt
of
Co
ll
in
gw
oo
d
Ha
rb
ou
r,
ca
us
in
g
nu
is
an
ce
al
ga
l
gr
ow
th
,
is
be
in
g
ad
dr
es
se
d
th
ro
ug
h
th
e
up
gr
ad
in
g
of
th
e
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
fa
ci
li
ty
.
Re
st
ri
ct
io
ns
on
dr
ed
ge
d
sp
oi
ls
di
sp
os
al
ar
e
ne
ce
ss
it
at
ed
be
ca
us
e
of
el
ev
at
ed
le
ve
ls
of
PC
B,
zi
nc
,
an
d
lead.
LAKE ER IE
La
ke
s
Er
ie
an
d
St
.
Cl
ai
r,
co
mb
in
ed
wi
th
th
e
St
.
Cl
ai
r
an
d
th
e
De
tr
oi
t
Ri
ve
rs
,
dr
ai
n
on
e
of
th
e
mo
st
de
ve
lo
pe
d
ur
ba
n
ar
ea
s
on
th
e
Gr
ea
t
La
ke
s.
Be
ca
us
e
of
th
e
hi
gh
po
te
nt
ia
l
of
ma
n'
s
im
pa
ct
on
wa
te
r
qu
al
it
y
in
th
is
ar
ea
,
an
nu
al
su
rv
ei
ll
an
ce
pr
og
ra
ms
ar
e
ma
in
ta
in
ed
to
cl
os
el
y
mo
ni
to
r
an
d
de
te
ct
re
su
lt
in
g
en
vi
ro
nm
en
ta
l
pr
ob
le
ms
.
CONTAMINANTS
De
cl
in
es
of
PC
B
in
sp
ot
ta
il
sh
in
er
s
ha
ve
be
en
ob
se
rv
ed
at
th
e
Th
am
es
Ri
ve
r,
Pi
ke
Cr
ee
k,
Po
in
t
Pe
le
e,
an
d
Th
un
de
r
Ba
y
ar
ea
s
of
th
e
La
ke
Er
ie
Ba
si
n.
Si
mi
la
rl
y,
de
cl
in
es
of
to
ta
l
DD
T
re
si
du
es
ha
ve
co
nt
in
ue
d
at
th
e
De
tr
oi
t
Ri
ve
r,
Po
in
t
Pe
le
e,
an
d
Th
un
de
r
Ba
y.
Th
es
e
tr
en
ds
in
sm
al
l
pl
an
kt
iv
or
ou
s
ne
ar
sh
or
e
fi
sh
ar
e
al
so
re
fl
ec
te
d
in
ma
in
la
ke
po
pu
la
ti
on
s
of
co
ho
sa
lm
on
,
sm
el
t,
an
d
wa
ll
ey
e,
al
th
ou
gh
a
lo
ng
er
-t
er
m
da
ta
ba
se
is
re
qu
ir
ed
to
su
bs
ta
nt
ia
te
th
es
e
associations.
Le
ve
ls
of
PC
B
an
d
DD
T
co
nt
in
ue
to
de
cl
in
e
in
he
rr
in
g
gu
ll
eg
gs
,
an
d
il
lu
st
ra
te
a
sy
st
em
wi
de
re
sp
on
se
to
th
e
co
nt
ro
ls
on
pr
od
uc
ti
on
an
d
us
e
of
these compounds.
Me
rc
ur
y
in
fi
sh
of
La
ke
St
.
Cl
ai
r
an
d
th
e
we
st
er
n
ba
si
n
of
La
ke
Er
ie
wa
s
a
ma
jo
r
co
nt
am
in
an
t
pr
ob
le
m
in
th
e
ea
rl
y
19
70
's
.
Le
ve
ls
of
to
ta
l
me
rc
ur
y
in
wa
ll
ey
e
co
ll
ec
te
d
fr
om
La
ke
St
.
Cl
ai
r
ha
ve
de
cl
in
ed
fr
om
ov
er
2
ug
/g
in
19
70
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 to
0.
5
ug
/g
in
19
80
.
Th
is
re
pr
es
en
ts
a
ma
jo
r
ex
am
pl
e
of
th
e
ef
fe
ct
of
po
in
t
so
ur
ce
co
nt
ro
ls
on
co
nt
am
in
an
t
le
ve
ls
in
th
e
ec
os
ys
te
m.
Th
e
ra
pi
d
en
vi
ro
n—
me
nt
al
re
sp
on
se
su
bs
eq
ue
nt
to
th
e
ce
ss
at
io
n
of
th
e
po
in
t
so
ur
ce
di
sc
ha
rg
es
of
me
rc
ur
y
at
Sa
rn
ia
is
du
e
to
th
e
ra
pi
d
fl
us
hi
ng
of
th
e
sy
st
em
an
d
is
pr
ob
ab
ly
re
la
te
d
to
th
e
hi
gh
su
sp
en
de
d
se
di
me
nt
loa
d
and
th
e
tr
an
sl
oc
at
io
n
of
se
di
me
nt
th
ro
ug
h
th
e
St
.
Cl
ai
r
Ri
ve
r,
La
ke
St
.
Cl
ai
r,
an
d
th
e
De
tr
oi
t
Ri
ve
r.
EUTROPHICATION
Ac
ce
le
ra
te
d
eu
tr
op
hi
ca
ti
on
has
bee
n
a
cr
it
ic
al
wa
te
r
qu
al
it
y
co
nc
er
n
si
nc
e
it
wa
s
id
en
ti
fi
ed
in
th
e
Lo
we
r
La
ke
s
re
po
rt
to
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
in
19
69
.
An
an
al
ys
is
of
La
ke
Er
ie
wa
te
r
qu
al
it
y
da
ta
fo
r
th
e
pa
st
de
ca
de
to
as
se
ss
tr
en
ds
in
di
ca
te
s
th
e
ge
ne
ra
l
im
pr
ov
em
en
t
in
la
ke
wa
te
r
qu
al
it
y.
Th
e
lo
ad
in
g
of
to
ta
l
ph
os
ph
or
us
to
th
e
la
ke
ha
s
de
cl
in
ed
du
ri
ng
th
e
pe
ri
od
of
19
70
-1
97
9.
Th
e
19
70
lo
ad
in
g
to
th
e
en
ti
re
la
ke
fr
om
al
l
so
ur
ce
s
ex
ce
pt
sh
or
el
in
e
er
os
io
n
wa
s
es
ti
ma
te
d
to
be
ab
ou
t
23
,0
00
to
nn
es
.
In
19
79
,
the
tot
al
lo
ad
in
g
was
es
ti
ma
te
d
to
be
13
,0
00
to
nn
es
.
Co
nc
en
tr
at
io
ns
of
to
ta
l
ph
os
ph
or
us
in
th
e
we
st
er
n
ba
si
n
ha
ve
de
cl
in
ed
fr
om
44
.6
ug
/L
in
19
70
to
28
ug
/L
in
19
80
.
Si
mi
la
rl
y
in
th
e
ce
nt
ra
l
ba
si
n,
to
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
ha
ve
de
cl
in
ed
fr
om
20
pg
/L
to
14
pg
/L
in
19
80
.
Th
er
e
ha
ve
no
t,
ho
we
ve
r,
be
en
si
mi
la
r
de
cl
in
es
wi
th
in
th
e
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
ns
of
th
e
la
ke
.
In
19
70
,
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
ns
in
th
e
we
st
er
n
ba
si
n
we
re
8.
6
pg
/L
;
in
198
0,
an
nua
l
ch
lo
ro
ph
yl
l
co
nc
en
tr
at
io
ns
we
re
8.
4
ug
/L
.
Si
mi
la
rl
y,
no
de
cl
in
es
ha
ve
be
en
no
te
d
ei
th
er
in
th
e
ce
nt
ra
l
or
ea
st
er
n
ba
si
ns
.
Th
is
is
no
t
un
ex
pe
ct
ed
co
ns
id
er
in
g
th
e
co
mp
le
x
co
up
li
ng
of
ec
ol
og
ic
al
co
mp
on
en
ts
.
So
me
de
la
y
is
ex
pe
ct
ed
be
fo
re
th
e
lak
e
re
ac
he
s
a
ne
w
eq
ui
li
br
iu
m
st
at
us
wi
th
it
s
ex
te
rn
al
lo
ad
in
gs
.
Th
e
fi
na
l
re
po
rt
on
th
e
in
te
ns
iv
e
st
ud
y
of
La
ke
Er
ie
pe
rf
or
me
d
du
ri
ng
19
78
and 1979 will be completed in 1982.
In
th
e
De
tr
oi
t
Ri
ve
r,
wa
te
r
qu
al
it
y
ha
s
co
nt
in
ue
d
to
im
pr
ov
e.
To
ta
l
ph
os
ph
or
us
lo
ad
in
gs
co
nt
in
ue
d
to
de
cl
in
e
in
19
80
.
Ph
os
ph
or
us
lo
ad
in
gs
ha
ve
de
cr
ea
se
d
85
%
si
nc
e
19
68
,
pr
im
ar
il
y
a
re
su
lt
of
th
e
im
pr
ov
em
en
ts
to
th
e
De
tr
oi
t
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t.
To
ta
l
ir
on
lo
ad
in
gs
to
th
e
ri
ve
r
de
cr
ea
se
d
18
%
fr
om
19
79
le
ve
ls
,
an
d
ph
en
ol
le
ve
ls
in
th
e
ri
ve
r
ha
ve
de
cr
ea
se
d
over 45% from 1979.
AREAS OF CONCERN
CLASS "A"
Be
ca
us
e
of
he
av
y
in
du
st
ri
al
iz
at
io
n
al
on
g
th
e
so
ut
he
rn
sh
or
e
of
La
ke
Er
ie
,
ei
gh
t
lo
ca
li
ti
es
ha
ve
be
en
id
en
ti
fi
ed
by
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
as
Cl
as
s
"A
"
ar
ea
s
of
co
nc
er
n.
A
br
ie
f
su
nm
ar
y
of
ea
ch
is
gi
ve
n
be
lo
w.
St
.
Cl
ai
r
Ri
ve
r.
Re
si
du
al
me
rc
ur
y
co
nt
am
in
at
io
n
in
se
di
me
nt
s
an
d
bi
ot
a
is
co
nt
ri
bu
ti
ng
to
el
ev
at
ed
lev
els
of
me
rc
ur
y
in
sp
or
t
and
co
mm
er
ci
al
fi
sh
.
Fi
sh
co
ns
um
pt
io
n
ad
vi
so
ri
es
is
su
ed
by
Mi
ch
ig
an
an
d
On
ta
ri
o
re
ma
in
in
ef
fe
ct
.
Co
nt
ro
ls
on
th
e
di
sc
ha
rg
e
of
tr
ac
e
or
ga
ni
cs
wh
ic
h,
wh
il
e
no
t
pr
es
en
ti
ng
a
me
as
ur
ab
le
th
re
at
to
wa
te
r
su
pp
ly
or
fi
sh
at
pr
es
en
t,
ar
e
ne
ve
rt
he
le
ss
be
in
g
pu
rs
ue
d
by
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t.
Lo
ca
li
ze
d
se
di
me
nt
co
nt
am
in
at
io
n,
pr
in
ci
pa
ll
y
re
si
du
al
in
na
tu
re
,
ha
s
necessitated confined disposal of dredging spoils.
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Det
roi
t R
ive
r.
The
env
iro
nme
nta
l q
ual
ity
of
the
Det
roi
t R
ive
r
and
the
west
ern
basi
n of
Lake
Erie
has
impr
oved
cons
ider
ably
over
the
last
deca
de,
as
a r
esu
lt
of
mea
sur
es
app
lie
d
to
mun
ici
pal
and
ind
ust
ria
l
poi
nt-
sou
rce
dis
cha
rge
s o
n b
oth
the
Can
adi
an
and
the
Uni
ted
Sta
tes
sid
es
of
the
rive
r.
Fur
the
r i
mpr
ove
men
ts
are
exp
ect
ed
as
add
iti
ona
l p
oin
t s
our
ce
mea
sur
es
are
comp
lete
d.
Sedi
ment
s,
howe
ver,
rema
in p
ollu
ted
as a
resu
lt
of p
ast
dis
cha
rge
s,
nec
ess
ita
tin
g c
onf
ine
d d
isp
osa
l o
f d
red
ged
mat
eri
als
.
The
ben
thi
c p
opu
lat
ion
alo
ng
the
Uni
ted
Sta
tes
sho
rel
ine
dow
nst
rea
m o
f t
he
Rou
ge
Riv
er m
out
h r
ema
ins
hig
hly
dis
rup
ted
.
Ele
vat
ed
bac
ter
ial
lev
els
hav
e r
esu
lte
d i
n t
he
occ
asi
ona
l c
los
ing
of
bea
che
s a
lon
g t
he
riv
er.
Bec
aus
e o
f e
lev
ate
d l
eve
ls
of
mer
cur
y o
r P
CB
in
fis
h f
rom
the
Det
roi
t
Riv
er,
fis
h c
ons
ump
tio
n a
dvi
sor
ies
iss
ued
by
Mic
hig
an
and
Ont
ari
o r
ema
in
in
eff
ect
.
How
eve
r,
as
dis
cus
sed
abo
ve,
mer
CUr
y
lev
els
hav
e
dec
rea
sed
con
sid
era
bly
as
a r
esu
lt
of
con
tro
l m
eas
ure
s
app
lie
d t
o u
pst
rea
m p
oin
t
sou
rce
dis
cha
rge
rs
and
bec
aus
e
of
the
nat
ura
l
pur
gin
g
of
the
riv
er
sys
tem
.
Rou
ge
Riv
er,
Mic
hig
an.
The
Rou
ge
Riv
er,
a t
rib
uta
ry
to
the
Det
roi
t
Riv
er,
dra
ins
a h
eav
ily
dev
elo
ped
ind
ust
ria
l
are
a.
Whi
le
sig
nif
ica
nt
con
tro
l
mea
sur
es
hav
e b
een
imp
lem
ent
ed,
the
riv
er
rem
ain
s s
eve
rel
y
imp
act
ed
by
com
bin
ed
sew
er
ove
rfl
ows
and
ind
ust
ria
l
was
te
dis
cha
rge
s.
i
 
_
s
w
a
g
—
p
-
-
-
“
‘
1
‘
‘
‘
Rai
sin
Riv
er,
Mic
hig
an.
The
Rai
sin
Riv
er
dra
ins
a h
eav
ily
ind
ust
ria
liz
ed
are
a
so
ut
h
of
De
tr
oi
t.
Se
di
me
nt
s
are
he
av
il
y
en
ri
ch
ed
and
po
ll
ut
ed
wi
th
met
als
.
Fis
h a
re
con
tam
ina
ted
wit
h P
CB
and
oth
er
org
ani
c c
omp
oun
ds,
and
su
bs
ta
nt
ia
l
vi
ol
at
io
ns
of
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
exi
st
.
 
Mau
mee
Riv
er,
Ohi
o.
The
Mau
mee
Riv
er
car
rie
s a
hea
vy
loa
d o
f s
edi
men
ts
and
nu
tr
ie
nt
s
to
the
we
st
er
n
ba
si
n
of
La
ke
Eri
e.
In
re
co
gn
it
io
n
of
thi
s,
a c
ons
ort
ium
of
sta
te,
loc
al,
and
fed
era
l a
gen
cie
s h
as
agr
eed
to
fos
ter
no-
til
l
and
ass
oci
ate
d s
oil
con
ser
vat
ion
pra
cti
ces
.
The
fis
her
y i
n t
he
lower Maumee River is impaired because of elevated levels of PCB.
l
l
l
I
Bla
ck
Riv
er,
Ohi
o.
The
sed
ime
nts
of
the
low
er
Bla
ck
Riv
er
are
hea
vil
y
E
poll
uted
.
Area
fish
are
cont
amin
ated
with
comp
lex
orga
nic
subs
tanc
es.
i
Con
seq
uen
tly
,
the
are
a f
ish
ing
ind
ust
ry
is
imp
air
ed.
:
Cle
vel
and
, O
hio
.
Few
fis
h a
re
abl
e t
o s
urv
ive
in
the
low
er
Cuy
aho
ga
Riv
er
l
and
in
Cle
vel
and
Har
bor
bec
aus
e
of
dep
res
sed
dis
sol
ved
oxy
gen
lev
els
,
ele
vat
ed
leve
ls
of
amm
oni
a,
and
pol
lut
ed
bot
tom
sed
ime
nts
.
Dre
dge
d
mat
eri
als
mus
t
be
dis
pos
ed
of
in
con
fin
ed
are
as.
Alt
hou
gh
env
iro
nme
nta
l
qua
lit
y h
as
imp
rov
ed
ove
r t
he
pas
t f
ew
yea
rs,
the
are
a i
s s
til
l
hea
vil
y
polluted.
Ash
tab
ula
,
Ohi
o.
Fis
h
fro
m
the
low
er
Ash
tab
ula
Riv
er,
the
har
bor
are
a,
and
in
fl
ow
in
g
tr
ib
ut
ar
ie
s
are
co
nt
am
in
at
ed
wi
th
co
mp
le
x
or
ga
ni
c
sub
sta
nce
s;
for
sev
era
l
of
the
se
com
pou
nds
,
the
hum
an
hea
lth
eff
ect
s
are
i
not
kn
ow
n.
He
av
y
se
di
me
nt
co
nt
am
in
at
io
n
re
qu
ir
es
mo
re
co
st
ly
co
nf
in
ed
I
dis
pos
al
for
dre
dge
d
mat
eri
als
.
Res
tri
cti
ons
on
dre
dgi
ng
hav
e
als
o
re
su
lt
ed
in
na
vi
ga
ti
on
al
pr
ob
le
ms
in
the
are
a.
CLASS "B"
The
Wat
er
Qua
lit
y
Boa
rd
des
ign
ate
d
the
Cli
nto
n
Riv
er
and
Whe
atl
ey
Har
bou
r
as Class "B" areas of concern.
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Cl
in
to
n
Ri
ve
r,
Mi
ch
ig
an
.
Se
di
me
nt
s
in
th
e
Cl
in
to
n
Ri
ve
r
ar
e
he
av
il
y
po
ll
ut
ed
wi
th
oil
,
gr
ea
se
,
and
me
ta
ls
.
Th
e
19
80
st
ud
y
co
nd
uc
te
d
by
the
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
sh
ow
ed
th
at
fe
ca
l
co
li
fo
rm
ba
ct
er
ia
ex
ce
ed
ed
20
0
or
ga
ni
sm
s/
10
0
mL
in
sm
al
l
ar
ea
s
of
f
th
e
mo
ut
h
of
th
e
ri
ve
r
an
d
th
e
ad
ja
ce
nt
cu
t-
of
f
ca
na
l.
Ev
en
th
ou
gh
fe
ca
l
co
li
fo
rm
s
co
nt
in
ue
d
to
ca
us
e
wa
te
r
qu
al
it
y
im
pa
ir
me
nt
in
th
e
ri
ve
r
and
ca
na
l,
no
si
gn
if
ic
an
t
im
pa
ir
me
nt
oc
cu
rr
ed
in
th
e
la
ke
.
Me
tr
op
ol
it
an
Be
ac
h,
a
ma
jo
r
rec
rea
tio
nal
fac
ili
ty
loc
ate
d
bet
wee
n
the
riv
er
and
can
al,
was
una
ffe
cte
d.
 
Wh
ea
tl
ey
Ha
rb
ou
r,
On
ta
ri
o.
Ox
yg
en
de
pl
et
io
n
and
or
ga
ni
c
co
nt
am
in
at
io
n
of
har
bou
r
sed
ime
nts
con
tin
ue
to
be
of
con
cer
n
des
pit
e
loa
din
g
red
uct
ion
s
by
a
lo
ca
l
in
du
st
ri
al
po
in
t-
so
ur
ce
di
sc
ha
rg
er
.
Th
e
pr
ob
le
m
is
co
nf
in
ed
to
the harbour.
LAKE ONTARIO
Eut
rop
hic
ati
on
of
Lak
e O
nta
rio
was
ide
nti
fie
d a
s a
maj
or
con
cer
n b
y t
he
19
69
Lo
we
r
La
ke
s
Re
po
rt
.
Fo
ll
ow
-u
p
st
ud
ie
s
de
ve
lo
pe
d
fo
r
th
es
e
co
nc
er
ns
are
pre
sen
ted
bel
ow
alo
ng
wit
h
an
upd
ate
on
con
tam
ina
nt
sta
tus
.
CONTAMINANTS
La
ke
On
ta
ri
o
ha
s
a
lo
ng
hi
st
or
y
of
co
nt
am
in
an
t
pr
ob
le
ms
.
Un
iq
ue
co
nc
er
ns
ab
ou
t
th
e
lak
e
ha
ve
de
ve
lo
pe
d
be
ca
us
e
of
loc
al
in
du
st
ri
al
in
pu
ts
of
mi
re
x,
en
do
su
lf
an
,
an
d
di
ox
in
.
In
al
l
th
re
e
ci
rc
um
st
an
ce
s,
in
pu
ts
in
to
th
e
Ni
ag
ar
a
Riv
er
hav
e
res
ult
ed
in
lak
ewi
de
pro
ble
ms
bec
aus
e
of
the
geo
phy
sic
al
pro
ces
ses
whi
ch
in
fl
ue
nc
e
the
ev
en
tu
al
fa
te
of
th
es
e
co
mp
ou
nd
s.
As
re
po
rt
ed
in
pr
ev
io
us
Bo
ar
d
re
po
rt
s,
th
e
wi
de
sp
re
ad
co
nt
am
in
at
io
n
of
th
e
Gre
at
Lak
es
by
tox
ic
sub
sta
nce
s
rem
ain
s
a m
ajo
r
con
cer
n
of
the
Wat
er
Qua
lit
y
Boa
rd.
Spe
cif
ica
lly
,
the
Boa
rd
not
es
tha
t,
bec
aus
e o
f t
he
pol
lut
ion
pro
ble
ms
of
the
Nia
gar
a
Riv
er,
tha
t
riv
er
is
a m
ajo
r
sou
rce
of
con
tam
ina
nts
to
Lak
e
Ont
ari
o.
The
Boa
rd
not
es
tha
t t
he
Par
tie
s h
ave
pla
ced
hig
h p
rio
rit
y o
n t
he
cle
anu
p
of
the
pro
ble
ms
in
tha
t
are
a.
Thi
s
is
ref
lec
ted
in
the
est
abl
ish
men
t
of
the
bil
ate
ral
Nia
gar
a R
ive
r T
oxi
cs
Com
mit
tee
, w
hic
h i
s d
esc
rib
ed
bel
ow
in
the Niagara River area of concern.
Lev
els
of
tot
al
DDT
res
idu
es
in
lake
tro
ut,
coh
o s
alm
on,
and
sme
lt
hav
e
dec
lin
ed
in
Lak
e
Ont
ari
o,
whe
rea
s
lev
els
of
die
ldr
in
rem
ain
ed
sta
tic
bet
wee
n
1977
and
1980
. A
mini
mal
incr
ease
in P
CB l
evel
s in
thes
e to
p pr
edat
ors
was
obs
erv
ed
in
198
0,
but
thi
s
inc
rea
se
can
not
be
con
fir
med
unt
il
198
1
sam
ple
s
are
evaluated.
In
the
nea
rsh
ore
zon
e,
dec
lin
es
of
PCB
, t
ota
l
DDT
,
and
mir
ex
hav
e
gen
era
lly
bee
n
obs
erv
ed
in
spo
tta
il
shi
ner
pop
ula
tio
ns
of
Twe
lve
Mil
e
Cre
ek,
Cre
dit
Riv
er,
and
Hum
ber
Riv
er.
Inc
rea
ses
in
con
tam
ina
nt
lev
els
bet
wee
n
197
9
and
198
0
in
spo
tta
il
shi
ner
s
at
Nia
gar
a—o
n-t
he-
Lak
e
pro
bab
ly
rep
res
ent
yea
r-
to-
yea
r v
ari
ati
ons
in
sam
pli
ng
and
do
not
ref
lec
t n
ew
inp
uts
of
PCB
, t
ota
l
DDT
,
or
mi
re
x.
It
sh
ou
ld
be
no
te
d
th
at
19
80
le
vel
s
of
th
es
e
co
nt
am
in
an
ts
are
still well below earlier values recorded in 1975.
The
lev
el
of
dio
xin
(2,
3,7
,8-
TCD
D)
fou
nd
in
her
rin
g
gul
l
egg
s
col
lec
ted
fro
m f
our
col
oni
es i
n L
ake
Ont
ari
o i
n 1
980
was
app
rox
ima
tel
y 6
0 n
g/k
g.
Thi
s
is
ab
out
fi
ve
ti
me
s
hi
gh
er
th
an
the
"b
as
el
in
e"
le
ve
ls
in
egg
s
fr
om
co
lo
ni
es
in
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 La
ke
s
Mi
ch
ig
an
,
Su
pe
ri
or
,
Hu
ro
n
(e
xc
ep
t
Sa
gi
na
w
Bay
),
and
Eri
e.
The
ev
en
dis
tri
but
ion
of
res
idu
e
lev
els
amo
ng
the
fou
r c
olo
nie
s
sug
ges
ts
tha
t l
ake
wid
e
con
tam
ina
tio
n
has
occ
urr
ed
in
the
fis
h
spe
cie
s
(ma
inl
y
ale
wiv
es
and
sme
lt)
whi
ch
com
pri
se
the
mai
n a
qua
tic
por
tio
n o
f t
he
her
rin
g g
ull
's
die
t
in
the
Gre
at
Lak
es.
The
Uni
ted
Sta
tes
Fis
h
and
Wil
dli
fe
Ser
vic
e
has
rep
ort
ed
tha
t
2,3
,7,
8—T
CDD
is
pre
sen
t i
n b
row
n t
rou
t c
oll
ect
ed
nea
r R
oos
eve
lt
Bea
ch,
New
York.
Res
tri
cti
ons
on
the
usa
ge
and
dis
pos
al
of
org
ano
chl
ori
ne
com
pou
nds
wer
e
put
int
o
pla
ce
in
the
Gre
at
Lak
es
Bas
in
in
the
lat
e
196
0's
and
ear
ly
197
0's
.
Lev
els
of
2,3
,7,
8-T
CDD
wer
e d
ete
rmi
ned
in
her
rin
g g
ull
egg
sam
ple
s t
ake
n f
rom
Sc
ot
ch
Bo
nn
et
Isl
and
,
La
ke
On
ta
ri
o
and
ar
ch
iv
ed
si
nc
e
197
1.
An
al
ys
es
sh
ow
tha
t,
in
197
1,
2,3
,7,
8-T
CDD
lev
els
wer
e g
rea
ter
tha
n 7
00
ng/
kg.
Com
par
iso
n o
f
thi
s
val
ue
wit
h
the
198
0
lev
els
rep
ort
ed
abo
ve
ind
ica
tes
a g
rea
ter
tha
n
ten
fol
d d
ecr
eas
e
in
2,3
,7,
8-T
CDD
lev
els
dur
ing
the
las
t d
eca
de.
Thi
s t
ren
d
par
all
els
tho
se
for
the
maj
ori
ty
of
org
ano
chl
ori
ne
res
idu
es
in
Lak
e
Ont
ari
o.
If
the
dec
lin
e o
f 2
,3,
7,8
~TC
DD
in
Lak
e O
nta
rio
her
rin
g g
ull
egg
s c
ont
inu
es
at
its
pr
es
en
t
rat
e,
"b
as
el
in
e"
le
ve
ls
of
ab
ou
t
10
ng
/k
g
wi
ll
be
re
ac
he
d
in
5—
7
yea
rs.
Pos
sib
le
mec
han
ism
s
for
the
cle
ara
nce
of
2,3
,7,
8-T
CDD
and
oth
er
pe
rs
is
te
nt
or
ga
no
ch
lo
ri
ne
co
mp
ou
nd
s
fr
om
th
e
La
ke
On
ta
ri
o
ec
os
ys
te
m
in
cl
ud
e
phy
sic
al
tra
nsp
ort
thr
oug
h t
he
St.
Law
ren
ce
Riv
er,
sed
ime
nta
tio
n,
and
Tos
s t
o
the atmosphere.
In
res
pon
se
to
the
pre
sen
ce
of
2,3
,7,
8-T
CDD
in
fis
h,
New
Yor
k
has
de
ve
lo
pe
d
a
sp
or
t
fi
sh
co
ns
um
pt
io
n
gu
id
el
in
e
of
10
ng
/k
g,
ba
se
d
on
co
ns
um
pt
io
n
of
six
oun
ces
of
fis
h
per
wee
k.
Ont
ari
o
has
dev
elo
ped
a g
uid
eli
ne
of
20
ng/
kg,
ba
se
d
on
co
ns
um
pt
io
n
of
fo
ur
ou
nc
es
of
fi
sh
per
wee
k.
Wi
th
re
ga
rd
to
the
sal
e
of
com
mer
cia
lly
cau
ght
fis
h,
the
Uni
ted
Sta
tes
Foo
d
and
Dru
g
Adm
ini
s-
tr
at
io
n
ha
s
de
ve
lo
pe
d
a
gu
id
el
in
e
of
50
ng
/k
g,
an
d
th
e
Ca
na
da
De
pa
rt
me
nt
of
Na
ti
on
al
He
al
th
and
We
lf
ar
e
has
de
ve
lo
pe
d
a
he
al
th
pr
ot
ec
ti
on
gu
id
el
in
e
of
20
ng/kg.
EUTROPHICATION
Eu
tr
op
hi
ca
ti
on
of
La
ke
On
ta
ri
o
wa
s
a m
aj
or
co
nc
er
n
id
en
ti
fi
ed
in
th
e
19
60
's
by
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
.
Th
e
re
su
lt
an
t
si
gn
in
g
of
th
e
19
72
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
ob
li
ga
te
d
bo
th
co
un
tr
ie
s
to
ph
os
ph
or
us
co
nt
ro
l
pr
og
ra
ms
fo
r
th
e
la
ke
.
As
no
te
d
in
pr
ev
io
us
Bo
ar
d
re
po
rt
s,
th
er
e
ar
e
lo
ca
li
ze
d
ar
ea
s
suc
h
as
th
e
Ba
y
of
Qu
in
te
or
th
e
To
ro
nt
o
wa
te
rf
ro
nt
wh
er
e
th
es
e
co
nt
ro
ls
ha
ve
ha
d
im
me
di
at
e
ef
fe
ct
s.
Ho
we
ve
r,
re
so
lu
ti
on
of
ma
ny
of
th
e
env
iro
nme
nta
l
pro
ble
ms
of
con
cer
n
wil
l
req
uir
e
lon
ger
tim
e
per
iod
s
bec
aus
e
of
th
e
na
tu
ra
ll
y
lo
ng
re
sp
on
se
ti
me
of
th
e
sy
st
em
an
d
be
ca
us
e
of
th
e
co
mp
le
xi
ty
of
the
pro
ces
ses
inf
lue
nci
ng
the
eut
rop
hic
sta
tus
of
the
lak
e
(es
pec
ial
ly
fisheries).
Wh
ol
e-
la
ke
sp
ri
ng
su
rf
ac
e
to
ta
l
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
in
La
ke
On
ta
ri
o
de
cr
ea
se
d
on
ly
0.
1
ug
/L
in
19
80
re
la
ti
ve
to
19
79
.
Th
e
ex
am
in
at
io
n
of
pa
st
tr
en
d
da
ta
re
ve
al
s
th
at
pl
at
ea
us
su
ch
as
th
is
ar
e
no
t
un
co
mm
on
in
th
e
ge
ne
ra
l
de
cl
in
e
of
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
si
nc
e
19
72
.
Us
ua
ll
y
af
te
r
th
es
e
le
ve
ll
in
g
of
f
pe
ri
od
s,
th
er
e
ha
ve
be
en
de
fi
ni
te
de
cr
ea
se
s
in
co
nc
en
tr
at
io
ns
.
Th
e
19
81
—1
98
2
da
ta
on
La
ke
On
ta
ri
o
sh
ou
ld
cl
ar
if
y
th
e
si
tu
at
io
n.
Ph
os
ph
or
us
le
ve
ls
in
th
e
ne
ar
sh
or
e
zo
ne
s
of
La
ke
On
ta
ri
o
ap
pe
ar
to
ha
ve
st
ab
il
iz
ed
ov
er
th
e
las
t
fo
ur
ye
ar
s,
ha
vi
ng
de
cl
in
ed
fr
om
el
ev
at
ed
le
vel
s
observed in 1967.
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AREAS OF CONCERN
CLASS "A"
The
Buf
fal
o R
ive
r,
the
Nia
gar
a R
ive
r,
Ham
ilt
on
Har
bou
r,
and
the
Cor
nwa
ll—
Mas
sen
a
are
a a
re
con
sid
ere
d b
y t
he
Wat
er
Qua
lit
y B
oar
d t
o b
e C
las
s "
A"
are
as
of
con
cer
n,
pri
mar
ily
bec
aus
e o
f t
he
pre
sen
ce
of
per
sis
ten
t t
oxi
c s
ubs
tan
ces
.
A brief summary of these areas is presented below.
Buf
fal
o R
ive
r,
New
Yor
k.
The
Buf
fal
o R
ive
r i
s a
rel
ati
vel
y s
mal
l
str
eam
whi
ch
flo
ws
thr
oug
h a
hea
vil
y i
ndu
str
ial
ize
d m
etr
opo
lit
an
area
.
Sed
ime
nts
are
sev
ere
ly
con
tam
ina
ted
, p
art
icu
lar
ly
wit
h t
oxi
c o
rga
nic
sub
sta
nce
s.
Sev
ere
dis
sol
ved
oxy
gen
dep
let
ion
was
fou
nd
at
the
riv
er
mou
th
dur
ing
1978
.
The
Buf
fal
o R
ive
r i
s a
maj
or
sou
rce
of
tox
ic
sub
sta
nce
s d
isc
har
ged
to the Niagara River.
Nia
gar
a R
ive
r.
The
Nia
gar
a R
ive
r i
s a
maj
or
sou
rce
of
org
ani
c c
ont
ami
nan
ts
and
tox
ic
met
als
fro
m m
uni
cip
al
and
ind
ust
ria
l s
our
ces
, w
hic
h a
re
hav
ing
a
sig
nif
ica
nt
imp
act
on
Lak
e O
nta
rio
fis
h a
nd
sed
ime
nt
qua
lit
y.
Alth
ough
less
than
10%
of t
he N
iaga
ra R
iver
wate
r sa
mple
s ha
ve c
once
ntra
-
tio
ns
of
hea
vy
met
als
and
org
ani
c c
omp
oun
ds
exc
eed
ing
the
spe
cif
ic
Agr
eem
ent
obj
ect
ive
s,
ana
lys
es
of
sus
pen
ded
sed
ime
nts
, b
ott
om
sed
ime
nts
,
and
fish
indi
cate
the
pres
ence
of a
numb
er
of o
rgan
ic c
ompo
unds
in t
he
Nia
gar
a R
ive
r S
yst
em.
Fur
the
r,
man
y o
f t
he
com
pou
nds
det
ect
ed
in
the
Nia
gar
a R
ive
r s
usp
end
ed
sed
ime
nts
are
not
det
ect
abl
e i
n s
amp
les
col
lec
ted
fro
m a
con
tro
l s
tat
ion
in
Lak
e E
rie.
The
re
app
ear
to
be
int
erm
itt
ent
inputs of organic compounds to the river itself.
Vari
ous
size
rang
es
of c
oho
salm
on a
nd A
meri
can
eel
caug
ht i
n 19
80 i
n th
e
lower Niagara River were fit for only occasional consumption due to levels
of PCB and mirex exceeding the Canadian human health protection guide-
lines. Large sizes of white sucker from both the upper and lower Niagara
River contained mercury levels above the guidelines. 2,3,7,8—TCDD
(dio
xin)
was
not
dete
cted
in v
ario
us f
ish
spec
ies
from
the
lowe
r Ni
agar
a
Rive
r pr
oper
, b
ut w
as d
etec
ted
at l
evel
s be
low
the
20 n
g/kg
Cana
dian
federal guideline in brown trout and white bass at the mouth of the
Niagara River.
Results of surveillance efforts on the Niagara River indicate that it is a
cont
inuo
us s
ourc
e of
nume
rous
trac
e me
tals
and
orga
nic
comp
ound
s to
Lake
Ontario. Where cross-river measurements have been made, they indicate
that concentrations are generally higher on the United States side. This
is most noticeable in the upper Niagara River in the Tonawanda Channel.
At present, there is a lack of scientific data on the human health
significance of long-term exposure to many of these compounds. However,
in the case of both dioxin and mirex, the data indicate that the Niagara
River, as a source of the compounds, has a significant transboundary
impact on Lake Ontario.
In 1981, a joint United States-Canada Niagara River Toxics Committee was
formed to direct and coordinate programs for the Niagara River. More than
25 projects are now being carried out by federal, provincial, and state
-25-
age
nci
es
to:
ide
nti
fy
sou
rce
s o
f t
oxi
c p
oll
uta
nts
ent
eri
ng
the
Nia
gar
a
Rive
r,
reco
mnen
d ne
cess
ary
cont
rol
prog
rams
, a
nd r
ecom
mend
long
-ran
ge
wat
er
qua
lit
y m
oni
tor
ing
pro
gra
ms
for
the
Nia
gar
a R
ive
r.
The
se
stu
dy
projects are scheduled for completion by December 1983.
Ham
ilt
on
Har
bou
r,
Ont
ari
o.
Oxy
gen
dep
let
ion
, e
nri
chm
ent
, a
nd
met
als
and
tra
ce
org
ani
c c
ont
ami
nat
ion
of
sed
ime
nts
aff
ect
a l
arg
e p
ort
ion
of
the
har
bou
r a
rea
and
limi
t i
ts
sui
tab
ili
ty
as
a f
ish
hab
ita
t.
PCB
lev
els
in
sedi
ment
samp
les
exce
ed p
rovi
ncia
l g
uide
line
s th
roug
hout
most
of t
he
har
bou
r
are
a,
wit
h t
he
hig
hes
t c
onc
ent
rat
ion
s b
ein
g f
oun
d
in
the
sou
the
ast
por
tio
n,
clo
se
to
ind
ust
ria
l d
isc
har
ges
, s
tor
m s
ewe
rs,
and
Red
Hill
Cre
ek.
Tra
ces
of
org
ano
chl
ori
ne
pes
tic
ide
s a
nd
the
ir
der
iva
tiv
es
hav
e
been
dete
cted
in s
edim
ents
at l
evel
s cl
ose
to 1
0 UQ
/kg-
The
aver
age
lev
els
of
amm
oni
a,
tot
al
dis
sol
ved
sol
ids
,
and
zin
c
in
wat
er
exc
eed
the
Agre
emen
t ob
ject
ives
.
Tota
l ph
osph
orus
cons
ider
ably
exce
eded
the
pro
vin
cia
l
gui
del
ine
,
and
fec
al
col
ifo
rms
occ
asi
ona
lly
exc
eed
the
pro
vin
cia
l o
bje
cti
ve
for
swi
mmi
ng
and
bat
hin
g.
Org
ano
chl
ori
ne
pes
tic
ide
s
and
the
ir
der
iva
tiv
es
and
pol
ynu
cle
ar
aro
mat
ic
hyd
roc
arb
ons
hav
e b
een
detected on occasion in the water column at levels below 0.01 ug/L;
the
re
is
no
app
are
nt
pat
ter
n
to
the
dis
tri
but
ion
of
the
se
com
pou
nds
.
Cor
nwa
ll-
Mas
sen
a,
Ont
ari
o-N
ew
Yor
k.
Fis
h c
ons
ump
tio
n a
dvi
sor
ies
for
thi
s
are
a
are
rel
ate
d,
in
par
t,
to
inp
uts
of
PCB
in
the
Gra
sse
Riv
er
are
a.
CLA
SS
"B"
i
Six
oth
er
are
as
hav
e b
een
ide
nti
fie
d b
y t
he
Boa
rd
to
rep
res
ent
Cla
ss
"B"
are
as
of
con
cer
n.
A b
rie
f s
umm
ary
of
the
env
iro
nme
nta
l q
ual
ity
con
dit
ion
s o
f
these areas follows.
 
Ei
gh
te
en
Mi
le
Cr
ee
k,
Ne
w
Yor
k.
Vi
ol
at
io
ns
at
th
is
sma
ll
ha
rb
or
at
Ol
co
tt
are
ba
se
d
on
on
ly
a
fe
w
sa
mp
le
s.
Ex
is
ti
ng
da
ta
are
su
ff
ic
ie
nt
,
ho
we
ve
r,
to
in
di
ca
te
hi
gh
co
nc
en
tr
at
io
ns
of
zin
c,
lea
d,
ni
ck
el
,
ch
ro
mi
um
,
and
co
pp
er
in
th
e
se
di
me
nt
.
Ad
di
ti
on
al
se
di
me
nt
sa
mp
le
s
we
re
co
ll
ec
te
d
in
198
1;
whe
n
ana
lyz
ed,
the
se
wil
l
hel
p
asc
ert
ain
whe
the
r
ele
vat
ed
lev
els
continue to exist.
 
Roc
hes
ter
Emb
aym
ent
,
New
Yor
k.
The
re
are
mod
era
te
vio
lat
ion
s
of
wat
er
qu
al
it
y
ob
je
ct
iv
es
an
d
so
me
in
di
ca
ti
on
s
of
fi
sh
co
nt
am
in
at
io
n
in
Ro
ch
es
te
r
Ha
rb
or
and
Ir
on
de
qu
oi
t
Bay
.
Su
rv
ey
s
of
th
e
ha
rb
or
fr
om
19
67
to
19
73
fo
un
d
so
me
of
th
e
se
di
me
nt
s
to
be
he
av
il
y
po
ll
ut
ed
wi
th
me
ta
ls
an
d
ph
os
ph
or
us
.
Os
we
go
Ri
ve
r,
Ne
w
Yor
k.
Se
di
me
nt
s
in
Os
we
go
are
mo
de
ra
te
ly
to
he
av
il
y
po
ll
ut
ed
an
d
so
me
wa
te
r
qu
al
it
y
vi
ol
at
io
ns
ha
ve
be
en
ob
se
rv
ed
.
Fi
sh
sh
ow
sig
nif
ica
nt
con
tam
ina
tio
n
fro
m
tox
ic
sub
sta
nce
s,
par
tic
ula
rly
PCB
and
mirex.
To
ro
nt
o
Wa
te
rf
ro
nt
,
On
ta
ri
o.
Ba
ct
er
ia
l
co
nt
am
in
at
io
n,
pa
rt
ic
ul
ar
ly
in
re
sp
on
se
to
ru
no
ff
ev
en
ts
,
oc
cu
rs
at
a
nu
mb
er
of
lo
ca
ti
on
s
al
on
g
th
e
wat
erf
ron
t.
How
eve
r,
wat
er
sup
pli
es
and
pub
lic
bea
ch
are
as
are
gen
era
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 These goaTs are to be accompTished through the deveiopment of programs and
activities designed to virtuaTTy eTiminate the entry of toxic substances into
the Great Lakes ecosystem.
The requirements of Annex 12 of the Agreement caTT for programs which
incTude: inventories of toxic substances ranging from production and use to
reiease or disposaT; cTose coordination between air, water, and soTid waste
controT programs; and joint programs to manage hazardous materiais. In
addition, the Agreement requires monitoring and research programs to address
the increasing threat of toxic substances, and activities in support of an
earTy warning system to anticipate toxic substances probTems.
In 1980 the Great Lakes Water QuaTity Board estabTished the Toxic
Substances Committee for the purpose of evaTuating programs and activities
responding to the Agreement. To accompiish its assignment from the Board, the
Toxic Substances Committee began by deveioping the toxic substances program
management framework shown in Figure 1. The purpose of this framework, which
was described in detaiT in the 1980 report of the Committee to the Board, is
to evaiuate in an organized manner the effectiveness of toxic substances
program management within the Agreement context.
The toxic substances framework is comprised of four basic components. The
first is an information base consisting of toxic chemicais inventories,
characteristics data, and measurements of toxic substances in the Great Lakes
Basin environment. The second eTement is hazard and risk assessment, which
utiTizes the information base to determine if certain substances shouid be
controTied and to what extent. This assessment process invoTves determining
the degree of hazard posed by certain toxic chemicais, setting priorities for
additionaT surveiiiance and research, testing of these substances, and
estimating the Teveis of risk associated with identified toxic chemicais.
FTowing Togicaiiy from the information base and assessments is the third
eTement of the framework, which is a set of action pians for controTTing
various toxic substances. FinaiTy, the framework is compiete with an
evaiuation of program effectiveness to identify any necessary adjustments or
modifications to the toxic substances management system.
 
This report summarizes the Toxic Substances Committee's detaiied
evaTuation of programs and activities in the Great Lakes Basin. The review of
the programs is organized according to the framework outiine. A fuTT descrip-
tion of these programs, inciuding information on the agencies which impTement
them, the mandates under which they havebeen deveioped, and their main
objectives is incTuded in the Appendix to the Committee's 1981 report.
GENERAL CONCLUSION
The underiying probTem identified as a resuTt of this evaTuation is the
absence of an overaTT Great Lakes management strategy for toxic substances
controT activities that are being carried out under the various pieces of
Tegisiation among the jurisdictions. Programs have been compartmentaiized
under each TegisTative mandate, and the resources have been aiiocated
accordingiy. The resuit is that the overaTT management of toxic substances
controi programs is not faciiitated. Furthermore, there has been insufficient
coordination of activities within major programs. This fragmentation has
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FIGURE 1. TOXIC SUBSTANCES FRAMEWORK
(Lines are drawn without arrows to indicate feedback or interaction in both directions between various components.)
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 resulted in duplicative activities in some cases, incomplete program coverage
in others, and a limited management capacity to effectively address emerging
complex problems.
The need for better coordination has been recognized, and steps are being
initiated to correct this situation. A Toxic Chemicals Management Centre has
been established in Environment Canada, and a Hazardous Contaminants Office
has been established in Ontario. In the United States, this coordination is
being effected at the national level through an Interagency Testing Committee
and a Toxic Substances Priority Committee. Also, at the national level the
United States Environmental Protection Agency (U.S. EPA) is developing a toxic i
substances integration strategy to improve coordination among the various laws
and programs. While this effort is being undertaken, U.S. EPA regional I
offices as well as many of the states have developed internal coordination
mechanisms to improve integration. However, these programs are in their
initial stages of development, and the extent to which they will be able to
effectively coordinate toxic substances programs remains to be seen.
The recommendations presented in this chapter complement current efforts
to improve coordination of toxic substances programs in the Great Lakes
Basin. When fully implemented, these recommendations will significantly
enhance the collective capability of the governments in the Great Lakes Basin
to meet the provisions of the 1978 Great Lakes Water Quality Agreement.
INFORMATION BASE
Any toxic substance control program requires an information base as a
foundation for assessing the potential or actual hazard to human health and
the environment. Such an information base should include source inventories,
characteristics, and environmental measurements. The following program review
is organized according to this design.
INVENTORIES
Inventories identify the actual or potential sources of toxic substances.
They may consist of qualitative and quantitative information about chemical
production, importation, transportation, or use at specific locations in the
Great Lakes Basin; information about types of industries, raw materials used,
production processes, products and by—products produced, point source dis-
charges and emissions; and data on the location, number, and contents of
disposal sites.
REVIEW OF PROGRAMS
The Committee reviewed a large number of governmental inventory programs
addressing most of the elements identified above. The Committee identified ten
federal and provincial inventory programs in Canada for the collection of
information on production, importation, use, discharge and disposal trends. ‘
Eighteen inventories were identified in the United States as being especially
relevant to the inventory requirements of Annex 12. ‘
In general, the total inventory requirements specified in Annex 12 are
being addressed in the developing federal, state, and provincial inventory
programs. However, while a portion of the Agreement's inventory requirements
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will be met by the January 1982 deadline, Annex 12 cannot be completely
fulfilled for several reasons. First, much of the data already gathered are
qualitative in nature, while the Annex requirements are oriented towards
quantitative data. Second, quantitative data typically require time-
consuming, costly, and precisely-defined projects to produce the desired
information. Finally, the creation of a total, current inventory for an ever
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r,
bu
t
no
t
id
en
ti
ca
l,
Can
adi
an
dat
a
bas
e
sys
tem
is
now
und
er
dev
elo
pme
nt
usi
ng
the
acr
ony
m
EPS
CIS
(E
nv
ir
on
me
nt
al
Pr
ot
ec
ti
on
Se
rv
ic
e
Ch
em
ic
al
In
fo
rm
at
io
na
l
Sy
st
em
).
The
Com
mit
tee
's
rev
iew
of
exi
sti
ng
inv
ent
ori
es
in
the
Gre
at
Lak
es
Bas
in
re
ve
al
ed
a
nu
mb
er
of
no
ta
bl
e
de
fi
ci
en
ce
s.
Fi
rs
t,
th
er
e
is
a
si
gn
if
ic
an
t
la
ck
of
dat
a
qua
lit
y
con
tro
l.
The
wid
ely
var
iab
le
rel
iab
ili
ty
of
dat
a
sou
rce
s
and
th
e
la
ck
of
un
if
or
m,
ge
ne
ra
ll
y
ac
ce
pt
ab
le
qu
al
it
y
as
su
ra
nc
e
pr
oc
ed
ur
es
ar
e
th
e
ma
jo
r
ca
us
es
of
th
is
qu
al
it
y
co
nt
ro
l
pr
ob
le
m.
Se
co
nd
,
al
th
ou
gh
mo
st
in
ve
n-
to
ri
es
are
no
w
ke
pt
,
or
soo
n
wi
ll
be,
in
el
ec
tr
on
ic
st
or
ag
e
and
re
tr
ie
va
l
  
 sy
st
em
s,
us
e
of
in
ve
nt
or
y
da
ta
fo
r
su
cc
es
sf
ul
pr
ed
ic
ti
on
of
tr
en
ds
in
pro
duc
tio
n,
use
, a
nd
dis
pos
al
of
per
sis
ten
t t
oxi
c s
ubs
tan
ces
may
pro
ve
ver
y
dif
fic
ult
.
In
man
y c
ase
s,
the
re
wil
l
not
be
eno
ugh
his
tor
ica
l
dat
a
to
all
ow
tre
nd
pre
dic
tio
n.
Thi
rd,
dat
a o
n c
ert
ain
per
sis
ten
t t
oxi
c s
ubs
tan
ces
may
not
be
inc
lud
ed
in
the
inv
ent
ori
es,
bec
aus
e
the
se
sub
sta
nce
s
are
uni
nte
nde
d
by-
pro
duc
ts
of
the
man
ufa
ctu
re
or
use
of
com
mer
cia
lly
usa
ble
che
mic
als
.
Unl
ike
the
com
mer
cia
lly
usa
ble
che
mic
als
wit
h w
hic
h t
hey
may
be
ass
oci
ate
d,
the
ulti
mate
fate
of b
y-pr
oduc
t to
xic
subs
tanc
es s
uch
as 2
,3,7
,8-t
etra
chlo
ro-
dib
enz
o-p
-di
oxi
n
and
sev
era
l
pol
ynu
cle
ar
aro
mat
ic
hyd
roc
arb
ons
is
not
aut
oma
tic
all
y t
rac
ked
by
exi
sti
ng
syst
ems
.
Fou
rth
, t
her
e i
s o
nly
lim
ite
d
inf
orm
ati
on
abo
ut
for
mul
ato
rs,
pac
kag
ers
,
and
dis
tri
but
ors
of
che
mic
als
tha
t
are
of
con
cer
n.
Inf
orm
ati
on
on
man
ufa
ctu
rer
s i
s a
vai
lab
le
nat
ion
all
y b
ut
onl
y
lim
ite
d i
nfo
rma
tio
n
is
ava
ila
ble
on
the
com
mer
cia
l f
ate
of
man
y t
oxi
c
che
mic
als
.
Fin
all
y,
inc
omp
ati
bil
ity
of
for
mat
and
con
ten
t p
rev
ent
s t
he
eas
y
com
bin
ati
on
or
cro
ss-
ref
ere
nci
ng
of
dat
a i
n m
ore
tha
n o
ne
inv
ent
ory
.
CONCLUSIONS AND RECOMMENDATIONS
Prio
riti
es f
or c
ondu
ctin
g i
nven
tori
es h
ave
some
time
s be
en s
et o
n an
ad h
oc
bas
is.
The
re
is
no
sys
tem
in
the
Gre
at
Lak
es
Bas
in
for
det
erm
ini
ng
whi
ch
chem
ical
s sh
ould
be i
nven
tori
ed.
Such
a sy
stem
is n
eces
sary
to c
ompl
ete
a
comprehensive inventory and to update it regularly.
RECOMMENDATION 1: The Parties should develop a priority
list of toxic substances in the Great Lakes Basin
ecosystem for which inventory data must be gathered.
This list should rank those substances according to
their potential environmental and human health impacts
and be updated regularly.
Ther
e is
a ne
ed t
o up
date
inve
ntor
ies
and
to a
sses
s th
e da
ta f
or a
ccur
acy
on
a r
egu
lar
bas
is.
The
bul
k o
f d
ata
col
lec
ted
thu
s f
ar
is
qua
lit
ati
ve.
Addi
tion
al q
uant
itat
ive
data
, wh
ich
are
rela
tive
ly c
ostl
y an
d ti
me-c
onsu
ming
to
col
lec
t,
wil
l
hav
e t
o b
e g
ath
ere
d a
s t
he
uni
ver
se
of
che
mic
als
con
tin
ues
to
expand.
RECOMMENDATION 2: The schedule for inventory completion
should be revised periodically to reflect the need for
continuing inventories and also to take into account the
priorities established in Recommendation 1.
Currently, there is no single comprehensive inventory for the Great Lakes
Basi
n.
Howe
ver,
ther
e ar
e se
vera
l sy
stem
s de
sign
ed t
o st
ore
and
diss
emin
ate
inventory data. Merging these systems into one basinwide system is extremely
costly and impracticable.
RECOMMENDATION 3: The Parties should establish a
centralized mechanism to identify all inventory-
related activities within the Great Lakes Basin. This
should include: the type of inventory data (e.g.
chemicals used, produced), the geographical area
covered, the accessibility of the system (e.g. cost,
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software needs, confidentiaTity restrictions, time
aIIowances), the reIiabiIity of the data (e.g.
accuracy, frequency of updating), and a contact from
whom additionaI information couId be obtained.
CHARACTERISTICS OF TOXIC SUBSTANCES
Characteristics data incIude physicaI, chemicai, and toxicoIogicaI
properties of a substance. This information enabIes scientists to gain
insight into the movement, fate, and effect of a toxic substance within the
ecosystem. It aTso provides a basis for estimating the potentiaI for exposure
to a chemicaI substance. Most importantIy, characteristics information is
used to assess the degree of hazard a substance poses to organisms, and to set
I priorities for controIIing specific toxic substances.
REVIEW OF PROGRAMS
SeveraT data bases were found to contain information on characteristics.
Som
e o
f t
hes
e w
ere
inv
ent
ory
sys
tem
s t
hat
aIs
o i
nco
rpo
rat
ed
phy
sic
aI,
che
mic
aT,
and toxicoTogicaI information. The systems most reTevant to the requirements
of
Ann
ex
12
inc
Iud
e:
the
Inf
orm
ati
on
Sys
tem
for
Haz
ard
ous
Org
ani
cs
in
Wat
er
(ISHON); the ChemicaI EvaIuation Storage and RetrievaI System (CESARS) and the
OiI
and
Haz
ard
ous
Mat
eri
aIs
-Te
chn
ica
I A
ssi
sta
nce
Dat
a S
yst
em
(OH
M-T
ADS
).
Each
of these systems has specific strengths and weaknesses. However, none of them
fquiIIs aTT the requirements of Annex 12.
Annex 12 requires the Parties to use structure-activity correIations to
pre
dic
t e
nvi
ron
men
taI
cha
rac
ter
ist
ics
of
tox
ic
che
mic
aIs
.
The
Com
mit
tee
fou
nd
that programs generating structure-activity correTations do exist in Canada
and the United States. However, these techniques, which are in the deveIop-
mentaT stage, have been appIied to onIy a Timited number of the substances
found in the Great Lakes Basin.
Anne
x 12
aTso
requ
ires
the
Part
ies
to c
ondu
ct t
oxic
oTog
icaI
rese
arch
. T
he
Com
mit
tee
fou
nd
tha
t b
oth
cou
ntr
ies
hav
e p
rog
ram
s c
apa
bIe
of
con
duc
tin
g t
he
fuIT
rang
e of
toxi
coIo
gica
I re
sear
ch r
equi
red
for
the
char
acte
rist
ics
info
rma-
tio
n b
ase
.
Tox
ico
Tog
ica
I s
tud
ies
,
how
eve
r, a
re
dif
fic
uIt
, t
ime
-co
nsu
min
g,
and
exp
ens
ive
to
per
for
m.
As
a r
esu
Tt,
exi
sti
ng
pro
gra
ms
can
not
gen
era
te
dat
a f
or
aTT
sig
nif
ica
nt
sub
sta
nce
s i
n t
he
Gre
at
Lak
es
Bas
in
in
a t
ime
Ty
man
ner
.
Thi
s
Tack
of
inf
orm
ati
on
is
a b
asi
c h
ind
ran
ce
to
the
ear
Iy
sta
ges
of
pri
ori
ty
set
tin
g a
nd
to
the
fin
aI
sta
ges
of
haz
ard
ass
ess
men
t.
CONCLUSIONS AND RECOMMENDATIONS
 
The
re
is
no
sin
gIe
inf
orm
ati
on
sou
rce
ava
iIa
bIe
in t
he
Gre
at
Lak
es
Bas
in
tha
t
fq
ui
TI
s
the
req
uir
eme
nts
of
Ann
ex
12.
How
eve
r,
a
num
ber
of
inf
orm
ati
on
sou
rce
s c
oTI
ect
ive
r a
ppr
oxi
mat
e t
he
pro
pos
ed
sys
tem
,
and
eIi
min
ate
the
nee
d
to
reT
y
on
one
sys
tem
for
the
Gre
at
Lak
es
Bas
in.
 
REC
OMM
END
ATI
ON
4:
A c
ent
raI
ize
d
mec
han
ism
sho
uId
be
es
ta
bT
is
he
d
to
id
en
ti
fy
ma
jo
r
co
mp
iT
at
io
ns
of
ch
ar
ac
te
ri
st
ic
s-
re
ia
te
d
da
ta
wi
th
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
is
wi
TI
re
qu
ir
e
in
fo
rm
at
io
n
si
mi
Ta
r
to
th
at
identified in Recommendation 3.
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T
h
e
e
x
i
s
t
i
n
g
p
r
o
g
r
a
m
s
c
a
p
a
b
l
e
o
f
c
o
n
d
u
c
t
i
n
g
t
o
x
i
c
o
l
o
g
i
c
a
l
r
e
s
e
a
r
c
h
d
o
n
o
t
h
a
ve
th
e
c
a
p
a
c
i
t
y
or
r
e
s
o
u
r
c
e
s
to
g
e
n
e
r
a
t
e
d
a
t
a
r
e
q
u
i
r
e
d
f
o
r
th
e
la
rg
e
n
u
m
b
e
r
o
f
s
u
b
s
t
a
n
c
e
s
s
i
g
n
i
f
i
c
a
n
t
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
.
G
u
i
d
e
l
i
n
e
s
f
o
r
t
h
e
c
o
n
d
u
c
t
o
f
m
a
n
y
t
o
x
i
c
i
t
y
t
e
s
t
s
h
a
v
e
b
e
e
n
a
g
r
e
e
d
u
p
o
n
b
y
t
h
e
P
a
r
t
i
e
s
.
A
d
d
i
-
t
i
o
n
a
l
g
u
i
d
e
l
i
n
e
s
a
n
d
t
h
e
i
n
f
o
r
m
a
t
i
o
n
r
e
q
u
i
r
e
m
e
n
t
s
f
o
r
t
h
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
d
a
t
a
b
a
s
e
s
ar
e
un
d
e
r
d
e
v
e
l
o
p
m
e
n
t
by
th
e
P
a
r
t
i
e
s
.
R
E
C
O
M
M
E
N
D
A
T
I
O
N
5:
A
p
r
i
o
r
i
t
y
l
i
s
t
o
f
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
of
si
gn
if
ic
an
ce
fo
r
th
e
Gr
ea
t
La
ke
s
Ba
si
n
sh
ou
ld
be
d
e
v
e
l
o
p
e
d
f
o
r
w
h
i
c
h
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
d
a
t
a
s
h
o
u
l
d
b
e
g
a
t
h
e
r
e
d
u
s
i
n
g
a
g
r
e
e
d
—
u
p
o
n
t
e
s
t
g
u
i
d
e
l
i
n
e
s
.
T
h
e
e
x
i
s
t
i
n
g
p
r
o
g
r
a
m
d
e
a
l
i
n
g
w
i
t
h
s
t
r
u
c
t
u
r
e
-
a
c
t
i
v
i
t
y
c
o
r
r
e
l
a
t
i
o
n
s
ha
s
n
o
t
be
en
co
mp
le
te
d.
Ho
we
ve
r,
ot
he
r
ne
w
sc
re
en
in
g
te
st
s
us
ef
ul
fo
r
ea
rl
y
wa
r
n
i
n
g
of
t
o
x
i
c
s
u
b
s
t
a
n
c
e
s
h
a
ve
b
e
e
n
an
d
ar
e
b
e
i
n
g
d
e
v
e
l
o
p
e
d
.
R
E
C
O
M
M
E
N
D
A
T
I
O
N
6:
Ef
fo
rt
s
sh
ou
ld
co
nt
in
ue
to
de
ve
lo
p
an
d
us
e
s
t
r
u
c
t
u
r
e
-
a
c
t
i
v
i
t
y
c
o
r
r
e
l
a
t
i
o
n
s
an
d
o
t
h
e
r
n
e
w
s
c
r
e
e
n
i
n
g
te
st
s
fo
r
to
xi
c
su
bs
ta
nc
es
o
c
c
ur
r
i
n
g
in
th
e
Great Lakes Basin.
E
N
V
I
R
O
N
M
E
N
T
A
L
M
E
A
S
U
R
E
M
E
N
T
S
En
vi
ro
nm
en
ta
l
me
as
ur
em
en
ts
ar
e
da
ta
ge
ne
ra
te
d
on
th
e
ac
tu
al
in
ci
de
nc
e
an
d
ac
cu
mu
la
ti
on
of
sp
ec
if
ic
ch
em
ic
al
su
bs
ta
nc
es
du
ri
ng
re
se
ar
ch
,
m
o
n
i
t
o
r
i
n
g
,
an
d
su
rv
ei
ll
an
ce
ac
ti
vi
ti
es
.
Th
es
e
ac
ti
vi
ti
es
co
nc
en
tr
at
e
on
ne
w
or
pr
ev
io
us
ly
un
de
te
ct
ed
p
o
t
e
n
t
i
a
l
l
y
to
xi
c
s
ub
s
t
a
n
c
e
s
in
th
e
en
vi
ro
nm
en
t,
in
st
an
ce
s
of
de
tr
im
en
ta
l
ef
fe
ct
s
on
hu
ma
n
po
pu
la
ti
on
s
an
d
na
tu
ra
l
re
so
ur
ce
s
fr
om
to
xi
c
co
nt
am
in
at
io
n,
an
d
tr
en
ds
in
th
e
en
vi
ro
nm
en
ta
l
c
o
n
c
e
n
t
r
a
t
i
o
n
of
sp
ec
if
ic
to
xi
c
ch
em
ic
al
s
in
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
m.
REVIEW OF PROGRAMS
Se
ct
io
n
4
of
An
ne
x
12
of
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
re
qu
ir
es
th
e
Pa
rt
ie
s
to
es
ta
bl
is
h
m
o
n
i
t
o
r
i
n
g
an
d
re
se
ar
ch
pr
og
ra
ms
to
ad
dr
es
s
f
o
ur
ma
in
el
em
en
ts
:
1)
te
mp
or
al
an
d
sp
at
ia
l
tr
en
ds
in
th
e
co
nc
en
tr
at
io
n
of
pe
rs
is
te
nt
to
xi
c
s
ub
s
t
a
n
c
e
s
in
th
e
G
r
e
a
t
La
ke
s
sy
st
em
;
2)
im
pa
ct
s
of
th
es
e
su
bs
ta
nc
es
on
th
e
he
al
th
of
hu
ma
ns
an
d
aq
ua
ti
c
or
ga
ni
sm
s;
3)
so
ur
ce
s
of
in
pu
t
of
pe
rs
is
te
nt
to
xi
c
su
bs
ta
nc
es
;
an
d
4)
th
e
pr
es
en
ce
of
pr
eV
io
us
ly
un
id
en
ti
fi
ed
to
xi
c
su
bs
ta
nc
es
wh
ic
h
ma
y
po
se
em
er
gi
ng
co
nt
am
in
at
io
n
pr
ob
le
ms
.
Th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
,
to
ge
th
er
wi
th
th
e
st
at
es
an
d
th
e
Pr
ov
in
ce
of
On
ta
ri
o,
co
nd
uc
t
mo
ni
to
ri
ng
ac
ti
vi
ti
es
wh
ic
h
ge
ne
ra
ll
y
sa
ti
sf
y
th
e
re
qu
ir
e-
me
nt
s
of
An
ne
x
12
.
Se
ve
nt
ee
n
pr
og
ra
ms
ha
ve
be
en
es
ta
bl
is
he
d
by
th
e
ju
ri
sd
ic
—
ti
on
s
fo
r
as
se
ss
in
g
th
e
te
mp
or
al
an
d
sp
at
ia
l
tr
en
ds
in
th
e
co
nc
en
tr
at
io
n
of
to
xi
c
su
bs
ta
nc
es
.
Im
pa
ct
s
of
to
xi
c
su
bs
ta
nc
es
on
hu
ma
n
he
al
th
an
d
en
vi
ro
n-
me
nt
al
qu
al
it
y
ar
e
ad
dr
es
se
d
by
ei
gh
t
pr
og
ra
ms
on
th
e
Un
it
ed
St
at
es
si
de
an
d
th
re
e
on
th
e
Ca
na
di
an
si
de
.
Tw
o
pr
og
ra
ms
or
ie
nt
ed
to
wa
rd
s
so
ur
ce
de
te
ct
io
n
ex
is
t
in
Ca
na
da
an
d
tw
o
in
th
e
Un
it
ed
St
at
es
.
Fi
na
ll
y,
wi
th
re
sp
ec
t
to
em
er
gi
ng
pr
ob
le
ms
,
th
e
id
en
ti
fi
ca
ti
on
of
pr
ev
io
us
ly
un
de
te
ct
ed
to
xi
c
co
mp
ou
nd
s
is
a
gr
ad
ua
ll
y
de
ve
lo
pi
ng
pr
og
ra
m
wi
th
in
Un
it
ed
St
at
es
an
d
Ca
na
di
an
fe
de
ra
l
ag
en
ci
es
.
Ma
ny
of
th
e
ca
hp
ou
nd
s
fo
un
d,
ho
we
ve
r,
ar
e
no
t
"n
ew
"
to
th
e
Gr
ea
t
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 Lakes, and usually are not at levels considered to represent a significant
enVironmental threat.
The identification of these compounds often requires
refined instrumentation.
While the monitoring programs in totality may meet the Agreement require-
ments, there is still a problem resulting from the fragmentation of the overall
monitoring effort. Agencies utilize their own special mandates rather than
the Water Quality Agreement to collect contaminant information. Accordingly,
different programs are designed to address different issues which may not
respond specifically to the requirements of the Agreement. Meanwhile, there
are no mechanisms providing the necessary integration among these autonomous
investigations.
Canadian and United States research programs that measure levels of toxic
substances in the Great Lakes are frequently oriented towards exposure
studies, and often are not closely tied to field monitoring activities. In
many instances, information on environmental contamination (ambient levels,
loadings, and sources) has been derived from the research community because
monitoring methodologies are not sufficiently developed. Areas of growing
concern, such as the atmospheric deposition of toxic pollutants, will require
careful coordination of research and field monitoring activities, as well as
designed links to assessment and control activities (see Recommendations 11
and 15 .
Within the jurisdictions, relatively few research programs, closely linked
to surveillance and monitoring, are designed to analyze toxic substances
exposure data for priority setting and hazard assessment. One type of study
which does utilize these data is the ecosystem approach to Great Lakes
contaminants. This approach is required by the Great Lakes Water Quality
Agreement. A major objective of such studies is to determine by precise
measurement the exposure concentration and toxicant accumulation in each
ecosystem compartment or trophic level, including man. Efforts towards this
objective are underway in both the United States and Canada.
Critical to studies of this sort are environmental measurements generating
time-series data on toxic substances. Long—term surveillance and monitoring
data establish contaminant levels and trends which form the basis for eco—
system studies of the impact of toxic substances on the health of biological
systems, including human health.
CONCLUSIONS AND RECOMMENDATIONS
 
Although there are many toxic substancesmonitoring programs operating in
the Great Lakes Basin, most of these are conducted as autonomous activities
determined by the special mandates of the implementing organizations or
agencies.
RECOMMENDATION 7: Efforts should be made to co-
ordinate the monitoring and surveillance programs
among the various jurisdictions in order to support
the Great Lakes International Surveillance Plan
(GLISP) and to respond to the requirements of Annex 12.
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 The
exi
sti
ng
mon
ito
rin
g p
rog
ram
s,
whi
le
ess
ent
ial
, a
re
cur
ren
tly
exha
usti
ng m
uch
of t
he l
abor
ator
y ca
paci
ties
in t
he G
reat
Lake
s re
gion
.
The
con
seq
uen
ce
of
thi
s h
igh
rat
e o
f l
abo
rat
ory
uti
liz
ati
on
is
a g
ene
ral
limitation on the collective ability to expand the scope of the various
moni
tori
ng p
rogr
ams.
Sett
ing
prio
riti
es
and
exte
ndin
g su
ppor
t to
moni
tori
ng
activities is essential.
RECOMMENDATION 8: A joint priority list should be
developed for toxic substances that require immediate
environmental measurements. Based on new information
on production, use, and discharge rates, this priority
list should be revised annually.
Rese
arch
prog
rams
are
not
ofte
n cl
osel
y ti
ed t
o fi
eld
moni
tori
ng
acti
—
vities. There are few research programs directed toward quantitative measure—
ment
s of
the
effe
cts
of e
xpos
ure
to a
mbie
nt l
evel
s of
toxi
c su
bsta
nces
.
Such
information is needed to set priorities and to assess the hazard to humans and
the environment.
RECOMMENDATION 9: Field monitoring and research
activities should be coordinated to acquire the
information needed for priority setting and hazard
assessment.
Research on the natural system is currently in the discovery stage
relative to basic pathways of action, fate, synergistic and antagonistic
effects of multiple exposures, and physiological responses of organisms.
There are, however, relatively few long-term studies on the impacts of ambient
levels on human health, including reproductive effects (e.g. mutagenesis and
teratogenesis), carcinogenesis, and survival.
RECOMMENDATION 10: Ecosystem studies of the
transport, fate, and effects of ambient levels of
toxic substances in the Great Lakes should be
encouraged. These efforts will provide valuable
information for alternative management and control
scenarios for toxic substances.
The atmospheric deposition of toxic pollutants into the Great Lakes is a
phenomenon that is inadequately understood by scientists. It is known that
heavy metals (mercury, zinc, lead, and-cadmium) contamination of the lakes
occurs by means of atmospheric deposition. Other pollution of the Great Lakes
from toxic compounds, such as PCB, has also been linked to atmospheric
fallout. While sources of these pollutants are not often clearly known,
scientists are beginning to see patterns that generally implicate both local
and long—range sources. At present, research and monitoring activities are
under way. The Great Lakes International Surveillance Plan includes an
element, the "atmospheric deposition network", to identify the loadings of
toxic substances to the Great Lakes from the air. Much more data on the
atmospheric deposition of toxic contaminants are needed to conduct meaningful
hazard assessments and to develop effective control strategies.
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 RECOMMENDATION 11: The Parties to the Agreement
should jointly pursue coordinated research and field
monitoring to measure the atmospheric deposition of
toxic pollutants as an essential basis for conducting
scientific assessments and refining Canadian and
United States control strategies.
HAZARD AND RISK ASSESSMENT
HAZARD ASSESSMENT
Inventory data, information on characteristics, and environmental measure-
ments of a toxic substance are used in the assessment of the potential hazard
a substance poses to humans and other organisms. An assessment is used to
assist in deciding which chemicals Should receive major attention for control,
monitoring or further investigation. Hazard assessment is a continuous
process that involves the estimation of the potential hazard of toxic
substances to an organism, based on an information base that is adequate in
quality and quantity.
RISK ASSESSMENT
Risk assessment is a process for estimating the probability that exposure
to a chemical at a particular level will cause an adverse effect in humans,
other organisms, or important non—living environmental components. The
jurisdictions within the Great Lakes use various analytical methods for
determining levels of risk associated with the effects of exposure to given
levels of a toxic substance.
An acceptable level of risk is established by weighing the cost to
society, in terms of risk, against the benefits to society as perceived by
social, economic, and political analyses. Determining acceptable risk
associated with a toxic substance is a non-scientific exercise conducted by
each jurisdiction. Therefore, the acceptable level of risk may vary fromone
jurisdiction to the other.
REVIEW OF PROGRAMS - ASSESSMENT AND PRIORITIZATION
 
The Committee found that the information base required for assessing the
hazard of many significant toxic substances is incomplete. Without adequate
information on actual exposure concentrations, toxic chemicals are usually
ranked on the basis of their known physical, chemical and toxicological
characteristics, rather than on their actual harm to man and the environment.
In the absence of adequate measurements of exposure concentrations, scientists
must depend on data from short— and long-term toxicity tests and knowledge
about structure-activity relationships.
In addition to finding information deficiencies, the Toxic Substances
Committee observed that jurisdictions within the Great Lakes Basin perform
assessment of toxic chemicals at varying levels of sophistication. The level
of activity depends on the needs, legal mandate, and available expertise of
the individual jurisdictions. Regardless of the variability in assessment
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 procedures, state and provincial agencies have to assess specific toxic
chemical situations on a continual basis in order to decide on the most
appropriate control or remedial measures.
In the United States, the State of Michigan has prepared a formal
procedure for ranking substances listed in its Critical Materials Register.
Other states and the Province of Ontario have similar, but less formal
procedures for setting chemical priorities. Many of the states follow the
lead of the federal government in priority setting.
On the federal level in both the United States and Canada, coordinated
activities of the environmental and health agencies produce assessments
reflecting the input of a wide range of disciplines. National scientific
programs allow the federal groups to develop new criteria and methods of
toxicological evaluation in support of assessments. Expertise in many fields
is available in federal agencies to properly question the scientific validity
of data and to interpret the results. While this type of process helps assure
reasonable assessments on a case-by-case basis, it also introduces variability
in assessment determinations among the agencies involved.
CONCLUSIONS AND RECOMMENDATIONS
 
Adequate information on exposure concentrations is lacking for many toxic
chemicals in the Great Lakes Basin. Even with an increase in the use of
short-term tests and structure-activity relationships, the accuracy of hazard
assessments is directly related to the quantity of exposure data available.
RECOMMENDATION 12: Activities in the areas of
monitoring (surveillance), inventory preparation,
short—term toxicity testing, and epidemiology should
be intensified for the purpose of improving hazard
assessment capability.
At present, the assessment of the hazard and risk posed by a toxic
substance may be different in each jurisdiction in the Great Lakes Basin. The
reasons are: each jurisdiction is responsible for its own hazard and risk
assessment; the scientific base acceptable for assessment may be different in
each jurisdiction; and the evaluation of similar scientific data bases may be
different, but scientifically valid. As long as this situation exists among
the jurisdictions, assessments of hazard and risk will often be different.
RECOMMENDATION 13: To facilitate decisions estab-
lishing the acceptable level of risk, planning control
strategies, and explaining the issues to the public,
every effort should be made by the Parties to ensure
comnunication among jurisdictions involved in hazard
and risk assessments of common toxic substances. All
scientific data should be made available to those
jurisdictions and the scientific rationale for each
different assessment should be discussed and
understood by all jurisdictions.
_ 4o _
CONTROL PROGRAMS
Programs to control the release of toxic substances into the environment
and reduce the hazard and risk to the Great Lakes ecosystem are implemented by
the jurisdictions under the power of several laws. Some of these laws, such
as the Toxic Substances Control Act in the United States and the Environmental
Contaminants Act in Canada, are specific to toxic substances. Others, such as
the Federal Insecticide, Fungicide and Rodenticide Act in the United States,
the Pest Control Products Act in Canada, and the Ontario Pesticide Act,
control the use of a particular class of toxic substances. The first two Acts
are relatively new pieces of legislation that address emerging problems,
whereas the last three deal specifically with a class of substances which has
required control for some time. In addition, existing legislation concerned
with air and water pollution control has been strengthened in recent years to
address the recent threat of toxic substances. In recognition of the problems
associated with the disposal of toxic substances or hazardous wastes, the
United States has enacted legislation such as the Resource Conservation and
Recovery Act and the new Comprehensive Environmental Response, Compensation,
and Liability Act. In Ontario, hazardous waste management is regulated under
the Environment Protection Act.
It should be noted that each of the eight Great Lakes states also has
specific legislation controlling the use of toxic substances. Since this is
the case for all the control programs discussed in this chapter, the United
States evaluations only refer to specific state authorities where they
significantly exceed the program requirements authorized under federal law.
This has been done to simplify the discussions; it does not mean that state
control programs play a less significant role in toxic substances control. In
reality, the implementation of these state programs actually provides a
greater overall level of activity.
REVIEW OF PROGRAMS
The Toxic Substances Committee reviewed those major programs which are
considered to be pertinent to the control of toxic substances in the Great
Lakes Basin. The sunmary of this review is organized into three general i
legislative categories:
— manufacture and use;
- control of releases to the env1ronment; and
— residuals which are toxic in nature.
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tem
is
em
pl
oy
ed
to
tr
ac
k
li
qu
id
wa
st
es
fr
om
ge
ne
ra
ti
on
th
ro
ug
h
tr
an
sp
or
ta
ti
on
an
d
dis
pos
al.
In
add
iti
on,
as
a r
esu
lt
of
the
fai
lur
es
of
pri
vat
e
sec
tor
and
co
op
er
at
iv
e
pr
ov
in
ci
al
-p
ri
va
te
se
ct
or
pr
op
os
al
s
to
es
ta
bl
is
h
ha
za
rd
ou
s
wa
st
e
tre
atm
ent
fac
ili
tie
s,
the
Pro
vin
ce
of
Ont
ari
o
rec
ent
ly
ide
nti
fie
d
a s
ite
for
a
pr
ov
in
ci
al
fa
ci
li
ty
wh
ic
h
wi
ll
be
op
er
at
ed
by
a
cr
ow
n
co
rp
or
at
io
n.
Th
e
On
ta
ri
o
Wa
st
e
Ma
na
ge
me
nt
Co
rp
or
at
io
n
wil
l
be
re
sp
on
si
bl
e
fo
r
no
t
on
ly
th
e
de
ve
lo
pm
en
t
of
a
fa
ci
li
ty
fo
r
di
sp
os
al
but
al
so
tot
al
ha
za
rd
ou
s
wa
st
e
ma
na
ge
-
men
t
in
the
pro
vin
ce.
Hea
rin
gs
on
the
ini
tia
l
pha
se
of
the
dev
elo
pme
nt
of
a
ha
za
rd
ou
s
wa
st
e
fa
ci
li
ty
be
ga
n
in
the
la
tt
er
po
rt
io
n
of
198
1.
In
th
e
Un
it
ed
St
at
es
,
th
e
Re
so
ur
ce
Co
ns
er
va
ti
on
and
Re
co
ve
ry
Ac
t
pe
rm
it
ti
ng
pr
oc
es
s,
in
cl
ud
in
g
th
e
se
tt
in
g
of
te
ch
ni
ca
l
st
an
da
rd
s
fo
r
di
sp
os
al
fa
ci
li
ti
es
,
has
on
ly
re
ce
nt
ly
co
mm
en
ce
d,
so
a
pr
og
ra
m
ev
al
ua
ti
on
is
pr
em
at
ur
e.
It
s
su
cc
es
s
wi
ll
be
la
rg
el
y
de
pe
nd
en
t
up
on
th
e
re
so
ur
ce
s
an
d
co
mm
it
me
nt
th
at
wil
l
be
giv
en
to
thi
s
pro
gra
m.
In
the
abs
enc
e
of
spe
cif
ic
leg
isl
ati
on,
the
pr
og
ra
m
in
Ca
na
da
wi
ll
re
qu
ir
e
a
co
mm
it
me
nt
of
co
nt
in
ue
d
su
pp
or
t
to
en
su
re
that the coordinated approach is fully implemented.
The
are
a o
f
res
our
ce
rec
ove
ry
and
rec
ycl
ing
is
of
con
cer
n
to
all
jur
is-
dic
tio
ns
wit
hin
the
Gre
at
Lak
es
Bas
in.
In
bot
h C
ana
da
and
the
Uni
ted
Sta
tes
th
er
e
has
be
en
a
li
mi
te
d
ef
fo
rt
to
su
pp
or
t
re
so
ur
ce
re
co
ve
ry
and
re
cy
cl
in
g
dem
ons
tra
tio
n p
roj
ect
s.
Can
ada
has
sup
por
ted
a n
umb
er
of
act
ivi
tie
s,
inc
lud
ing
a w
ast
e
oil
rec
ove
ry
dem
ons
tra
tio
n
pro
jec
t
and
a s
ucc
ess
ful
ind
ust
ria
l w
ast
e e
xch
ang
e p
rog
ram
.
Ont
ari
o h
as
est
abl
ish
ed
a r
eso
urc
e
rec
ove
ry
cen
tre
to
dem
ons
tra
te
the
app
lic
ati
on
of
new
tec
hno
log
y
to
was
te
mat
eri
als
rec
ove
ry.
0n
the
Uni
ted
Sta
tes
sid
e,
the
U.S
.
EPA
has
pro
vid
ed
ove
r
$4
mil
lio
n
in
gra
nts
to
mor
e
tha
n
ten
loc
al
gov
ern
men
tal
uni
ts
to
sup
por
t
muni
cipa
l r
esou
rce
reco
very
and
recy
clin
g.
More
impo
rtan
tly,
howe
ver,
the
bas
ic
reg
ula
tor
y s
yst
em
und
er
the
Res
our
ce
Con
ser
vat
ion
and
Rec
ove
ry
Act
ind
ire
ctl
y e
nco
ura
ges
rec
ycl
ing
and
res
our
ce
rec
ove
ry
by
req
uir
ing
con
tro
lle
d
dis
pos
al
of
tox
ic
sub
sta
nce
s
at
spe
cif
ic
was
te
fac
ili
tie
s.
Thi
s
sys
tem
prov
ides
subs
tant
ial
ince
ntiv
e to
redu
ce t
he q
uant
itie
s of
haza
rdou
s wa
ste
gen
era
ted
.
Fur
the
rmo
re,
it
enc
our
age
s p
riv
ate
and
pub
lic
eff
ort
s t
o i
mpr
ove
rec
ycl
ing
eit
her
wit
hin
ind
ivi
dua
l f
aci
lit
ies
or
by
est
abl
ish
ing
alt
ern
ati
ve
mec
han
ism
s,
suc
h
as
was
te
exc
han
ges
.
The
ove
ral
l
haz
ard
ous
was
te
man
age
men
t
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 requirements in the United States are already resulting in independent state,
local,
and
industrial
efforts
to
recover
and reuse
hazardous
wastes.
Resource
recovery and recycling are, in the long term, the preferred solution to the
hazardous waste problem created by the use of toxic
substances
in commerce.
A problem related to hazardous wastes is that of abandoned waste sites.
Under the recently enacted Comprehensive
Environmental
Response, Compensation
and Liability Act, commonly known as Superfund, the United States, in
cooperation with the states, is implementing a new program designed to clean
up priority abandoned hazardous waste sites and respond effectively to
emergency hazardous waste spills affecting water, air, or land resources.
The
Superfund program is also providing valuable additional inventory information
on the location of inactive sites and their hazardous contents.
In Canada,
where hazardous waste management is a provincial responsibility, Ontario has
undertaken a program to identify abandoned sites.
Subsequent actions are
being taken at potential problem locations and plans for remedial actions are
under development.
CONCLUSIONS AND RECOMMENDATIONS
 
Legislation exists to control the manufacture and use of toxic substances
in the Great Lakes Basin. However, development and implementation of programs
under the laws have been slow. -
RECOMMENDATION 14: The Parties should continue the
commitment and the support necessary to sustain and
accelerate control programs to solve the problems
posed by the increasing number of toxic substances.
Adequate legislation exists to control the release of toxic pollutants
into the Great Lakes. However, there is growing concern regarding the impact
of atmospheric deposition. Although research, monitoring, and assessment
efforts related to atmospheric deposition are being undertaken, a systematic
evaluation of the effectiveness of existing control mechanisms and the
adequacy of current legislative authority has not commenced.
RECOMMENDATION 15: The Parties to the Agreement,
pursuant to Article VI, Section 1(l), should jointly
develop a coordinated control strategy for the
atmospheric deposition of toxic pollutants. This
strategy should be based on compatible or shared
research, monitoring, assessment, and control programs
in the United States and Canada. In addition, the
Parties, pursuant to Article XI, should evaluate
whether or not legislative changes are needed to
adequately address the complex problem of atmospheric
pollutant deposition to the Great Lakes. This
investigation must be based on an adequate under-
standing of the nature and extent of the problem,
gained through research, monitoring, and assessment
activities, as noted in Recommendation 11.
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 While hazardous waste management programs are in place in the juris—
dictions, there is an absence of a common definition of hazardous wastes.
This
may
cre
ate
pro
ble
ms
in j
oin
tiy
und
ert
aki
ng
pro
gra
ms
in
this
area
.
RECOMMENDATION 16: The Parties shouid deveiop a
common definition of hazardous waste as weii as
compatibie programs to ensure the safe transportation
and disposai of hazardous wastes among the
jurisdictions.
_ 46 -
4. Phosphorus Inputs and Controls
Phosphorus control is required under several sections of the 1978
A reement to address pollution from municipal sources (Article VI, Section
l?a)), pollution from industrial sources (ArticleVI, Section 1(b)), eutro-
phication (Article VI, Section 1(d) and Annex 3), and pollution from agri—
cultural, forestry, and other land use activities (Article VI, Section 1(e)).
Phosphorus control activities conducted in response to Agreement requirements
are sunmarized below.
A major highlight is that efforts to remove phosphorus at municipal
treatment facilities in the Lower Lakes Basin have resulted in the virtual
achievement of an average phosphorus effernt limitation of 1.0 mg/L at each
facility, as called for in the 1972 Great Lakes Water Quality Agreement. The
Board notes that this constitutes the achievement of a major milestone for
phosphorus control.
PHOSPHORUS CONTROL REQUIREMENTS
Annex 3 of the 1978 Agreement details specific measures to control
phosphorus inputs to the Great Lakes. These requirements are, however,
subject to confirmation by the Parties. The negotiating teams have held a
seri
es o
f me
etin
gs.
A pr
opos
ed a
dden
dum
to A
nnex
3 is
now
unde
r of
fici
al
review within the respective governments.
PHO
SPH
ORU
S R
EMO
VAL
AT
MUN
ICI
PAL
TRE
ATM
ENT
PLA
NTS
(ARTICLE VI, SECTION 1(A))
Sin
ce
1972
, C
ana
da
and
the
Uni
ted
Sta
tes
hav
e s
pen
t o
r c
omm
itt
ed
mor
e t
han
$6.6
5 bi
llio
n fo
r mu
nici
pal
wast
ewat
er t
reat
ment
faci
liti
es
in t
he G
reat
Lake
s
Bas
in;
a p
rin
cip
al
goa
l o
f t
hes
e p
rog
ram
s i
s p
hos
pho
rus
rem
ova
l c
apa
bil
ity
.
Rem
ova
l o
f p
hos
pho
rus
at
mun
ici
pal
tre
atm
ent
pla
nts
, i
n c
onj
unc
tio
n w
ith
lim
ita
tio
ns
on
the
pho
sph
oru
s c
ont
ent
of
lau
ndr
y d
ete
rge
nts
, h
as
res
ult
ed
in
dra
mat
ic
red
uct
ion
s i
n t
he
mun
ici
pal
pho
sph
oru
s l
oad
ing
s,
esp
eci
all
y t
o t
he
Lower Great Lakes (Table 1 and Figures 2 and 3).
Tab
le
2
lis
ts
the
nin
e
of
the
lar
ges
t
sew
age
tre
atm
ent
pla
nts
in
the
Low
er
La
ke
s
Ba
si
n
whi
ch
,
in
198
0,
di
d
not
ac
hi
ev
e
an
av
er
ag
e
ph
os
ph
or
us
ef
fl
ue
nt
con
cen
tra
tio
n
of
1.0
mg/
L.
The
198
0
loa
din
g
for
eac
h
of
the
se
fac
ili
tie
s
is
al
so
pr
es
en
te
d
in
the
ta
bl
e,
al
on
g
wi
th
the
lo
ad
in
g
ex
pe
ct
ed
if
the
ph
os
ph
or
us
con
cen
tra
tio
n
in
the
ir
eff
lue
nt
wer
e
1.0
mg/
L.
Tab
le
2
als
o
sum
mar
ize
s
the
ex
pe
ct
ed
da
te
to
ac
hi
ev
e
th
e
ef
fl
ue
nt
goa
l
and
the
st
at
us
of
ac
ti
vi
ti
es
at
each facility.
In
pr
ev
io
us
re
po
rt
s,
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
re
po
rt
ed
th
at
th
e
1.
0
mg
/L
ef
fl
ue
nt
li
mi
ta
ti
on
fo
r
so
me
of
th
es
e
ma
jo
r
fa
ci
li
ti
es
in
th
e
Lo
we
r
La
ke
s
Ba
si
n
wo
ul
d
no
t
be
ac
hi
ev
ed
un
ti
l
as
la
te
as
19
86
.
Th
e
Bo
ar
d
15
pl
ea
se
d
to
 
REPORTED MUNICIPAL PHOSPHORUS LOADS IN THE GREAT LAKES BASIN1
TABLE 1
(tonnes per year)
  
EXPECTED LOAD“
LAKE
BASIN
Eggin
géD
PHOSP
HORUS
LOADI
NGS
we L
OAD2
AT
OVER
1975 1976 1977 1978 1979 1980 1 mg/L 1 mg/L
SUPERIOR
United States 230 227 160 150 87 94 74 20
Canad
a
62
71
108
97
124
109
31
78
MICHIGAN
United States 2,313 2,339 1,774 1,348 1,217 1,045 1,090 —45
HURON
United States 350 317 308 273 227 232 177 55
Canada 210 208 217 222 219 194 105 89
ERIE
United States 13,870 7,295 6,685 6,491 5,740 4,058 3,369 2,306 1,063
Canada 1 390 232 262 259 228 234 210 250 —40
ONTARIO
United States 4,750 1,952 ,932 2,159 1,766 1,798 1,540 729 811
Canada 5,110 2,373 1,267 1,000 967 1,109 982 881 101
ST. LAURENCE RIVER
United States 54 54 54 72 89 116 12 104
Canada 123 89 129 125 118 76 48 28
          
IPhosphorus Toadings for 1975 through 1980 are reported for sewage treatment pTants discharging directiy
to the Takes and for 811 indirect dischargers over 3,800 m3/d (1 MGD) in the U.S. and over 4,500 m3/d
{1 MIGD) in Canada.
2Expected Toad with municipaiities at 1.0 mg/L “P”, caTcuTated using 1980 fiow data.
1.0 mg/L iS
presently an Agreement requirement oniy for Lake Erie, Lake Ontario, and the internationai portion of
the St. Lawrence River.
3Excess - Reported Toading for 1980 minus caicuIated Toading if effTuent concentration were 1 mg/L.
“Canadian data are for caiendar year 1080; U.S. data are for water year 1980 (October 1, 1979 -
September 30, 1980).
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Figure 2 Lake Erie municipal phosphorus loads. Figure 3 Lake Ontario municipal phosphorus loads.
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TABLE 2
MAJ
OR
MUN
ICI
PAL
DIS
CHA
RGE
RS
IN
THE
LOW
ER
LAK
ES
EXC
EED
ING
THE
1 M
G/L
TAR
GET
FACI
LITY
JU
RI
S—
DIC
TIO
N
1 9
8 D
P E R F O
R M A N C
E D
A
T
A
 
EFFL
UENT
CON
CEN
TRA
TIO
N
(mg
/L)
ACT
UAL
LOADINGa
(ton
nes)
CALCULATED
LOADING
AT 1
mg/L
EXC
ESS
LOA
DIN
G
EXP
ECT
ED
DAT
E
TO A
CHIE
VE 1
mg/L
EFF
LUE
NT
LIM
ITA
TIO
N
RE
MA
RK
S
 
LA
KE
ER
IE
Detro
it ST
P
Clev
elan
d
- South
erly ST
P
- Weste
rly STP
Akro
n ST
P
LA
KE
ON
TA
RI
O
Buffa
lo ST
P
Niag
ara
Fall
s ST
P
Roch
este
r
(Fran
k) ST
P
Syracu
se ST
P
Ham
ilt
on
STP
 
Mi
ch
ig
an
Ne
w
Yo
rk
New
York
New
York
New York
Ont
ari
o
1.
56
N
M
2.
13
2.3
1.8
2.
2
14
40
30
6
13
1
180
496
175
204
15
5
  
926
141
4
3
11
1
229
7
5
l?3
8
7
 
51
4
165
88
69
267
100
81
68
 
Comp
lete
1982
1982
1982
1983
19
83
Comp
lete
Comp
lete
 
Appr
oxim
atel
y $4
00 m
illi
on i
n fe
dera
l
fun
ds
rec
eiv
ed
to
dat
e f
or
fac
ili
ty
con
str
uct
ion
.
Equ
ipm
ent
for
pho
sph
oru
s
rem
ova
l n
ow
in
pla
ce
and
in
ope
rat
ion
.
Pre
lim
ina
ry
198
1 i
nfo
rma
tio
n i
ndi
cat
es
ach
iev
eme
nt
of
the
1.0
mg/
L l
imi
tat
ion
.
More
than
$410
mill
ion
spen
t to
date
to
upg
rad
e t
rea
tme
nt
and
col
lec
tio
n s
yst
ems
and
to i
nstal
l ph
osph
orus
cont
rols
.
Lim
ite
d p
hos
pho
rus
con
tro
l
pre
sen
tly
in
ope
rat
ion
at f
acil
ity.
1.0
mg/
L e
ffl
uen
t
limi
tati
on m
et
in s
prin
g 19
81 t
hrou
gh
use
of
syn
the
tic
pol
yme
r c
oag
ula
nt.
Add
i-
tion
al
reno
vati
ons
unde
r wa
y to
impr
ove
pho
sph
oru
s r
emov
al.
Add
iti
ona
l s
ewer
s a
nd
exp
ans
ion
also
plan
ned.
Furt
her,
mun
ici
pal
ord
ina
nce
lim
its
pho
sph
oru
s
in
lau
ndr
y d
ete
rge
nts
.
Faci
liti
es i
n pl
ace
for
phos
phor
us
remo
val.
Howe
ver,
limi
tati
ons
in s
ludg
e
dig
est
ion
cap
aci
ty
pre
clu
de
full
ope
rat
ion
of t
hese
faci
liti
es.
Corr
ecti
ve m
easu
res
cur
ren
tly
unde
r w
ay.
Carb
on
trea
tmen
t sy
stem
shut
down
sinc
e
July 1
978.
EPA an
d NYD
EC fil
ed su
it
again
st ci
ty on
May 6
, 198
1 to
attem
pt to
remed
y pro
blems
. F
edera
l fun
ds r
eceiv
ed
to inve
stigate
remedia
l works
.
Plant
curren
tly me
eting
phosph
orus
limit.
Tertia
ry tre
atment
units
on lin
e Marc
h
1981.
Achie
vemen
t of
1 mg/
L pho
sphor
us
limit
was
expe
cted
by S
epte
mber
1981.
Munic
ipali
ty is
to pr
esent
by Oc
tober
1981
a prog
ram to
meet
phosph
orus e
ffluen
t
requir
ements
as soo
n as
practi
cable
after
that
date.
‘
a.
Cana
dian
data
are
for
cale
ndar
year
1980;
U.S.
data
are
for
wate
r y
ear
1080
(Oc
tob
er
1,
1979
— S
ept
emb
er
30,
1980
).
  
report here that schedules were advanced at some of these facilities
in order
to
achieve
the
requisite
phosphorus
removal
by an
earlier
date.
The
latest
date
is now 1983 and, further, the Detroit, Akron,
Rochester,
and Syracuse
municipal
treatment
plants
are
now
achieving
the
1.0 mg/L
effluent
limitation.
The Board notes, with gratification,
that many other municipal facilities
have
previously
achieved
the
desired
effluent
goal.
Together,
these
efforts
have resulted in the virtual achievement of an average phosphorus effluent
limitation of 1.0 mg/L at all municipal
treatment facilities in the Lower
Lakes
Basin,
as called for
in the 1972 Agreement.
The Board notes,
however,
that a number of facilities have not yet
achieved the desired level of phosphorus removal.
The Board encourages these
facilities, despite construction and funding delays, to complete their
programs at the earliest possible date, since further significant reductions
in the annual phosphorus loads would be effected for each of the Great Lakes.
Lake Michigan is noteworthy in that, on average, municipal facilities in
that basin discharged with an average effluent phosphorus concentration of
0.96 mg/L. However, several major municipal facilities are discharging with
an average effluent concentration greater than 1.0 mg/L. A further load
reduction of more than 200 tonnes per year could be achieved if these plants
reduced their effluent concentration to 1.0 mg/L.
Details about the status of specific facilities are given in Appendix I
(Phosphorus Inputs and Controls) and Appendix II (Areas of Concern).
INDUSTRIAL PHOSPHORUS INPUTS (ARTICLE VI, SECTION 1(3))
Phosphorus loadings from industrial sources generally constitute onlya
small portion of the point source phosphorus load to the Great Lakes. The
major exceptions are the lower Fox River, Wisconsin, where pulp and paper
manufacturing facilities discharged 128.5 tonnes of phosphorus in 1980, which
is more than half the total point source phosphorus load to Green Bay; and
Thunder Bay, Ontario, where industries discharged 80.7 tonnes in 1980,
compared to a municipal loading of 102 tonnes.
Industries also discharged substantial amounts of phosphorus into other
areas of concern, including the Detroit River, Rochester Embayment, Cleveland,
Cornwall-Massena, Hamilton Harbour, and the Niagara River. Industrial and,
for comparison, municipal loadings of phosphorus into these areas of concern
are given in Appendix I, which also provides details about other significant
industrial dischargers of phosphorus.
In the formulation of nutrient management strategies for these areas of
concern, controls on industrial point-source inputs of phosphorus should be
considered.
DETERGENT PHOSPHORUS LIMITATIONS
Limitations on the phosphorus content of laundry detergents have
contributed to reductions in phosphorus loadings to each of the Great Lakes._
Canada has established a federal limit of 2.2% on the content of phosphorus in
laun
dry
dete
rgen
ts.
Minn
esot
a,
Wisc
onsi
n, M
ichi
gan,
Indi
ana,
and
New
York
each have a state limit of 0.5%. The City of Chicago also has a limit of
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0.5%
, t
here
by i
nclu
ding
most
of t
he I
llin
ois
port
ion
of t
he G
reat
Lake
s
Basi
n.
Ohio
and
Penn
sylv
ania
have
no l
imit
atio
ns.
Wisc
onsi
n ha
s a
suns
et
pro
vis
ion
in
its
leg
isl
ati
on,
whi
ch
cal
ls
for
a r
evi
ew
of
the
eff
ica
cy
of
the
lim
ita
tio
ns,
pre
par
ato
ry
to
dec
idi
ng
whe
the
r t
o e
xte
nd
or
rev
ise
them
.
In
pre
vio
us
rep
ort
s,
the
Wat
er
Qua
lit
y B
oar
d h
as
adv
oca
ted
det
erg
ent
phosphorus limitations for all Great Lakes jurisdictions. The Board continues
to support these measures.
NO
NP
OI
NT
IN
PU
TS
(A
RT
IC
LE
VI
,
SE
CT
IO
N
1(
E)
)
Full implementation of municipal and industrial phosphorus control
prog
rams
to a
chie
ve a
n ef
flue
nt
phos
phor
us c
once
ntra
tion
of 1
.0 m
g/L
will
reduce phosphorus loadings even further, but not to the loads proposed in the
1978
Agre
emen
t.
For
inst
ance
, in
the
Bay
of Q
uint
e on
Lake
Onta
rio,
addi
—
tional cost-effective point-source phosphorus controls are required to achieve
an a
vera
ge e
fflu
ent
conc
entr
atio
n of
0.5
mg/L
in t
he s
umme
r.
Howe
ver,
for
many other areas of the Great Lakes, the most cost-effective measures to
remove additional quantities of phosphorus are nonpoint controls.
When municipal point source control programs are completely in place in
the Lake Erie Basin, municipal inputs will contribute only 20% of the
phosphorus load, and nonpoint sources, primarily runoff from agricultural land
in the western basin, will account for 60% of the input. Soil loss and
erosion contribute to sediment and nutrient loads to streams and the lake.
The PLUARG study quantified these problems and suggested solutions. Since
Lake Erie is the most seriously impacted from nutrient inputs, both Canada and
the United States have undertaken successful demonstration programs in the
Lake Erie watershed in order to develop nonpoint control strategies, establish
the most cost-effective soil conservation and land runoff measures, and to
gauge public response to these measures. Because of differences in soil types
and land uses, programs are often designed to meet the requirements of the
local watersheds, although findings may be applicable to other areas of the
Great Lakes Basin.
Based on a series of successful demonstration projects, the United States
has found no-till and minimum-till practices to be cost effective in reducing
nonpoint phosphorus inputs to streams draining into western Lake Erie. The
United States is now supporting a wide-scale program to accelerate the
adoption of these practices through financial and technical assistance to
farmers. This assistance is provided‘through local soil conservation
districts located in the western basin.
Canada has undertaken comprehensive water management programs for the
Thames and the Grand River Basins, considering both rural and urban point and
nonpoint sources of phosphorus, as well as sediments, bacteria, pesticides,
and other parameters. The Stratford/Avon River Environmental Management
Project is an attempt to provide a comprehensive water management strategy for
the Avon River Basin and is serving as a pilot study on the acceptability and
effectiveness of nonpoint remedial measures. The objective is to improve
water quality both in the watershed and downstream.
Details about specific programs to limit nonpoint inputs of phosphorus to
the Lake Erie Basin are given in Appendix I.
_ 52 _
 5 . Agreement Progress
In this chapter,
the Board reports on the progress
of Parties
in
deveIoping
and
impTementing
programs
and measures
required
under
the
1978
Agreement.
A summary Of progress
is presented beIow; detaiTs are reported
in
Appendix
III.
In
addition,
the
Board
has
sumnarized
its
own
activities
in
carrying out its responsibiIities in assisting the Commission under
the
reTevant sections of the Agreement.
Progress toward deveTopment and
impIementation of programs
and measures to
controT persistent toxic substances, as caIIed for in Annex 12 of the Agree-
ment, is discussed in Chapter 3.
Progress to meet Agreement requirements to
contrOT phosphorus, in response to the eutrophication issue, is discussed in
Chapter 4. ‘
POINT SOURCE COMPLIANCE (ARTICLE VI, SECTIONS 1(A.B.C))
In order to meet the generaI and specific objectives of the Agreement, the
Parties committed themseTves to deveIop and impTement programs and other
measures to abate, controT, and prevent poIIution from municipaT and indus-
triaT sources, and to prepare an inventory of poIIution abatement requirements.
Programs reIated to controT of phosphorus have been discussed above.
INVENTORY 0F POLLUTION ABATEMENT REQUIREMENTS
(ARTICLE VI, SECTION I(c))
The Parties are to prepare and revise annuaTTy an inventory of poITution
abatement requirements for aTI municipaT and industriaT dischargers into the
Great Lakes System. The inventory is to incTude compTiance scheduTes and
compIiance status with monitoring and efquent restrictions. This inventory
is currentIy in preparation by the Parties. Priority is being given to
identifying and documenting municipaI and industriaI dischargers into areas of
concern (discussed in Appendix II), pIus other Targe-vqume dischargers in the
basin. However, untiI the Parties submit their Iisting of municipaI and
industriaT faciTities and the pOTTution abatement requirements for each, the
Water QuaTity Board cannot advise on the adequacy of programs and progress to
abate, controT, and prevent poIIution from point sources. The Board therefore
has Iimited itseIf to describing but not evaTuating:
1. POTIution from municipaT and industriaI sources in identified areas
of concern, and measures taken to abate this poITution (presented in
Chapter 2 and Appendix II).
2. Programs and measures initiated by the Parties to address poTTution
from municipaT and industriaT sources, in response to the
requirements of ArticTe VI, Sections 1(a) and 1(b). These are
highTighted beiow.
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SECTIONS 1(A) AND T 3))
Programs to abate, controI, and prevent poTTution from municipai sources
and
urba
n dr
aina
ge
are
to b
e co
mpIe
ted
and
in o
pera
tion
no T
ater
than
Dece
mber
31,
1982
.
Prog
rams
to a
ddre
ss p
oTIu
tion
from
indu
stri
ai
sour
ces
are
to b
e
.CompTeted and in operation no Tater than December 31, 1983.
CO
NS
TR
UC
TI
ON
OF
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ST
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TR
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EN
T
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CI
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TI
ES
(A
RT
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LE
VI.
SE
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)
Municipai faciiities are to be constructed to provide Ieveis of treatment
consistent with the achievement of the phosphorus requirements and the genera]
and
spec
ific
obje
ctiv
es o
f th
e Ag
reem
ent.
Sinc
e 19
72,
Cana
da a
nd t
he U
nite
d
States have spent or committed more than $6.65 biIIion for construction of
municipai wastewater treatment faciTities in the Great Lakes Basin.
CO
NS
TR
UC
TI
ON
AN
D
OP
ER
AT
IN
G
ST
AN
DA
RD
S
(A
RT
IC
LE
VI,
SECTION 1(A)(III))
Both Canada and the United States have estabTished goaIs for the quaiity
of pubiic waters and programs through which these goaTs are to be achieved.
Both countries require secondary or equivaient treatment at municipai waste—
water treatment faciIities, and have provision for more stringent measures if
required, to protect receiving water quaTity. In Canada, reiaxation of this
standard may be aTTowed on a case—by—case basis if receiving water studies
indicate that such wiTI not impair stream water quaIity; in this case, the
minimum degree of treatment wiTT be primary. Mechanisms have been estabiished
to ensure that these faCiIities are constructed, operated, and maintained to
achieve effiuent discharge requirements.
PR
ET
RE
AT
ME
NT
(A
RT
IC
LE
VI.
SE
CT
IO
NS
1(
A)
(1
v)
AN
D
1(
B)
(v
1)
)
In 1978, the United States estabTished through reguIations a nationai
pretreatment poTicy to prevent industriaT poTTutants from entering municipaT
treatment systems which wouId interfere with the operation of the system,
contaminate the siudge, or pass through and enter the receiving water. The
program is being advanced in order to ensure that toxic or potentiaITy toxic
chemicaIs wiIT not be discharged to municipaI treatment systems in the future.
In Canada, the Ontario Ministry of the Environment and the Ontario
Municipai Engineers Association deveToped a modeT "By—Law to ControI
IndustriaT Waste Discharges to MunicipaI Sewers". Where impTemented, the
modeT sewer-use by—Taw encourages protection of municipai sewage treatment
pTants, inciuding coTIection and disposai faciiities, and reguTation of the
discharge of industriaI wastes to municipai sewers. AppIication of the by-Taw
is a municipaT responsibiiity.
COM
BIN
ED
SEw
ER
OVE
RFL
OWS
(AR
TIC
LE
VI,
SEC
TIO
N
1(A
)(v
))
The 1978 Agreement caTIs for measures to reduce poTIution from storm,
sanitary, and combined sewer discharges. The Water Quaiity Board estabiished
a Task Force to assess progress to date. The findings of the task force are
summarized beiow; their fuii report is given in Appendix IV.
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 Stormwater
runoff
and
combined
sewer
overflows
from
urban
areas
are
significant
contributors
to
localized
problems
in
streams,
estuaries,
harbors,
and
nearshore
areas.
Bacterial
contamination
can
contribute
to
beach
closings;
nutrients
to
nuisance
algal
conditions;
and
oxidation
of
organic
materials
to
oxygen
depletion.
Combined
sewer
overflows
can
also
contribute
to
adverse
modification
of
aquatic
life
due
to
the
presence
of
toxics
or
the
absence
of
oxygen,
with
the
result
that
sludge
worms
are
often
the
only
benthic
organisms
present
in
many
estuaries
and
harbors.
Urban
runoff
contributes
substantial
amounts
of
suspended
materials
which
add
to
the
total
amount
of
material
which
must
be
dredged
from
harbors
and
navigation
channels.
Finally,
stormwater
runoff
and
combined
sewer
overflows
can
contribute
to
increased
costs
and
delays
in
dredging
due
to
contamination
of
sediments
by
toxic heavy metals.
Combined
sewer
overflows
contribute
to
water
quality
problems
in
five
areas of concern:
Milwaukee Estuary,
Wisconsin;
Detroit River;
Cleveland,
Ohio;
Clinton
River,
Michigan;
and
Rochester,
New
York.
Details
about
inputs,
corrective measures, and funds expended or required are presented in
Appendices II and IV.
BOD
and
phosphorus
loadings
via
land
runoff
and
overflows
for
a given
urban area are typically an order of magnitude less than loadings from
municipal treatment plants
serving the same area.
For large urban areas,
loadings from land runoff and overflows far exceed loadings from municipal
treatment plants in smaller cities and, therefore, constitute a significant
source of input to the lakes.
For example, the annual loading of phosphorus
from combined sewer overflows at Detroit is estimated as 110 tonnes.
This is
less than 10% of the 1980 loading of 1,442 tonnes from the Detroit sewage
treatment plant.
When all municipal sewage treatment plants in the Lake Erie
Basin achieve a phosphorus effluent limitation of 1.0 mg/L, combined sewer
overflows from Detroit will
be the third largest point source of phosphorus in
the basin.
Programs are underway in both Canada and the United States to: determine
the extent to which storm and combined sewer overflows contribute to the
above-mentioned problems, develop and demonstrate cost-effective control
technologies, and implement such technologies as appropriate. These programs
should adequately define the extent to which local water quality problems are
caused by these sources and the benefits that could be achieved through
various degreesof control. However, these studies do not usually address the
contribution of these sources to whole-lake concerns. Policymakers express
mixed feelings about the degree of importance that should be given to urban
nonpoint sources and overflows and, in the United States, funding for control
of combined sewer overflows may be terminated.
The implementation of best management practices, including source control
programs, has been shown to have a significant effect in areas where dissolved
oxygen levels are depressed or excessive coliform counts cause beach
closings. Alternative technologies and management practices, which are being
demonstrated at numerous locations in the Great Lakes Basin, confirm many
opportunities to control pollutants from land runoff and combined sewer
overflows at reduced cost.
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In Canada, pollution control is a cooperative federal-provincial
ende
avou
r.
Unde
r th
e fe
dera
l F
ishe
ries
Act,
nati
onal
guid
elin
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nd
regu
lati
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are
deve
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d to
cont
rol
wate
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tin
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rom
con
ven
tio
nal
pollutants to control of toxic substances in effluents.
Under a federal-provincial accord, Ontario has agreed to adopt pollution
control requirements at least as stringent as the national requirements.
Under provincial legislation, the Ontario Ministry of the Environment employs
a variety of legally enforceable measures to effect compliance with its
requirements. These include Control Orders, Requirements and Directions, and
Program Approvals.
Biomonitoring programs have been implemented to delineate the impact of
industrial effluents on the Great Lakes Basin ecosystem.
PULP AND PAPER INDUSTRY (ARTICLE VI, SECTION 1(3))
In 1977, the Water Quality Board had reported on progress within the pulp
and paper industry to reduce pollutant discharges to the Great Lakes. Because
of significant progress by that industry since that report and because of
increased interest in toxic substances, the Board established a Pulp and Paper
Task Force to report on these considerations. The Task Force's report, "The
Response of the Pulp and Paper Industry in the Great Lakes Basin to Pollution
Abatement Programs", is sumnarized below. The report of the Task Force thus
constitutes part of the Board's report on progress of the Parties to abate
pollution to the Great Lakes from industrial sources.
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There are 85 pulp and paper mills discharging their effluents directly
into the waters of the Great Lakes Basin;
44 mills discharge to municipal
sewer systems.
The Task Force only assessed the impacts of the former, since
the wastes of the latter are virtually impossible to distinguish and
characterize after treatment at municipal facilities.
Pulp and paper mills contribute to water quality problems in eight areas
of concern:
Thunder Bay, Ontario; Peninsula Harbour, Ontario; Nipigon Bay,
Ontario; Terrace Bay, Ontario; Green Bay, Wisconsin; St. Marys River; Spanish
River, Ontario; and Cornwall, Ontario.
Details about corrective programs and
measures are presented in Appendix II.
Comparison of aggregate data on pollution loads and pulp and paper
production between Canada and the United States is not advisable since the
amounts of conventional pollutants associated with pulp production are usually
higher than those associated with the manufacture of paper and other finished
products. Many Ontario mills produce both pulp and paper, but most United
States mills make only paper. Differences among mills also arise because of
different processes used and because of the age of the facility. The
different water quality problems arising from the different industrial
processes led Canada and the United States to initially adopt different
abatement strategies. In Canada, the emphasis was placed on modification of
in-plant processes and on reduction in water use; in the United States,
emphasis was on effluent treatment technology. Notwithstanding these
initially different approaches, comparable progress is being made in reduction
of BOD and solids loads to achieve water quality objectives and, as noted,
emphasis is shifting to development of programs to control persistent toxic
substances.
All agencies within the Great Lakes Basin have developed pollution
abatement programs for the pulp and paper industry consistent with the
requirements of their individual water quality objectives. Two conventional
pollutants, BOD and T58, were the first to be regulated. Subsequently, some
jurisdictions added pH, fecal coliform, and fish toxicity to their control
programs. More recently, specific pollutants such as zinc, mercury, PCB, and
chlorophenols have been included. Meeting these requirements has resulted in
a marked improvement in the quality of the effluents discharged into the Great
Lakes.
Each jurisdiction carries out a compliance enforcement program.
Violations of specific limitations set by the agenc1es are referred for
appropriate legal action on a case-by-case basis.
Despite a relatively constant increase in pulp and paper production in
Canada and the United States over the past 13 years, there has been a dramatic
decrease in the discharge of conventional pollutants from this industry in
both countries. Nevertheless, there is a continuing concern about other
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con
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5. Pulp and paper mill effluents should not be toxic to aquatic life.
6.
Whe
re
PCB
's
are
dis
cov
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d
in
the
eff
lue
nt,
the
reg
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tor
y a
gen
cy
sho
uld
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the
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7. Overdosing biological treatment systems with nutrients, such as
phosphorus and ammonia, should be avoided.
8.
Rese
arch
on t
he n
atur
e of
poll
utan
ts
gene
rate
d du
ring
the
manu
fact
ure
of
pul
p a
nd
pap
er,
the
tre
atm
ent
of
tho
se
pol
lut
ant
s,
and
the
ir
effects on the receiving waters should be continued.
WATER INTAKES AND THERMAL DISCHARGES (ARTICLE VI.
SECTIONS 1(B)(TTT) AND (v))
The
1978
Agre
emen
t re
quir
es
the
Part
ies
to d
evel
op r
equi
reme
nts
to c
ontr
ol
thermal discharges and to minimize adverse environmental effects of water
inta
kes.
Both
Cana
da a
nd t
he U
nite
d St
ates
have
init
iate
d pr
ogra
ms t
o re
duce
fish mortality resulting from impingement and entrainment of fish at water
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intakes.
Canada has proposed guidelines for design and operation :f both
new
and existing plants.
Ontario has published guidelines for the withdrawal and
discharge of cooling waters.
Ontario Hydro is experimenting with various
intake designs
to deter fish entry, and limited retrofitting
is being
considered on existing stations.
In the United States, as a result of the 1972 Amendments to the Federal
Water Pollution Control Act, most facilities were required to submit Sections
316(a) and 316(b) demonstrations to show that ecological impacts from thermal
discharges and water withdrawals are minor. For existing facilities, the
general policy is to allow older, “problem” facilities to cycle unaltered out
o; the system, since the costs of correction are usually too great to warrant
c anges.
Since biological studies of thermal effects have generally not shown any
significant adverse impact, no United States facility built prior to 1970 in
the Great Lakes Basin has yet been required to modify its thermal discharge,
and it is unlikely that any changes to existing facilities will occur.
Attention in the United States has focused on new construction, because
changes at the design stage are less costly than retrofitting. The Clean
Water Act requires that a closed-cycle system be the first design for a new
facility. If Sections 316(a) and 316(b) demonstrations are submitted and
approved, then some alternative design can be pursued. Some new facilities
are closed-cycle systems, and others have incorporated innovative designs to
minimize impingement and entrainment and impact arising from thermal
discharges. Some facilities constructed over the past decade, however,
utilize features which propagate problems identified with older facilities.
POLLUTION FROM AGRICULTURE. FORESTRY, AND OTHER LAND USE
ACTIVITIES (ARTICLE VI. SECTION l(E))
The Agreement calls for the Parties to develop and implement measures to
abate and control pollution from agricultural, forestry, and other land use
activities. Both Canada and the United States have implemented a wide range
of regulatory and voluntary programs and practices specifically aimed at:
control of pest control products; pollution from animal husbandry; the hauling
and disposal of liquid and solid wastes; road salting and salt storage;
control of soil losses from urban, suburban, and rural areas; and improvements
in land use planning and management.
Many relevant programs and measures are referred to in the report of the
Pollution from Land Use Activities Reference Group. However, since the
Parties have not yet responded to the Commission's report on the PLUARG
reference, the Water Quality Board cannot advise on the adequacy of programs
and measures initiated to date.
Details about specific programs and measures initiated by the
juri
sdic
tion
s ar
e pr
ovid
ed
in A
ppen
dix
III;
see
also
Appe
ndix
I fo
r me
asur
es
relating the control of phosphorus with control of soil losses and runoff.
Three specific activities are highlighted here.
  
INTEGRATED PEST MANAGEMENT
Both Canada and the United States have implemented successful integrated
pest management (IPM) programs. Pests include insects, rodents, and crop
diseases. IPM integrates cultural, mechanical, genetic, biological, and
chemical pest control methods. IPM methods should be practical, effective
against the pest, minimize the effect on the ecosystem (including man), and
allow for economical production of food and fibre. Successful programs have
been conducted for the onion maggot in the Keswick Marsh, Ontario and some of
the peach crop in Ontario. Use of insecticide sprays has or will have been
reduced by50%.
HAZARDOUS WASTE MANAGEMENT PROGRAMS AND SITING ACTIVITIES
UNITED STATES
The Board has previously reported on hazardous waste management programs,
such as the cradle-to-grave regulation of hazardous wastes under the Resource
Conservation and Recovery Act, and the toxic substance disposal provisions in
the Toxic Substances Control Act. In December 1980, the Comprehensive
Environmental Response, Compensation, and Liability Act (Superfund) was
passed, and a hazardous waste sites and spills program is now being
developed. Details on these pieces of legislation are given in Appendix III.
Although there are more than 430 active hazardous waste disposal
facilities now operating in the eight Great Lakes states, the Board notes that
there is a shortage of treatment, storage, and disposal capacity relative to
the volume of hazardous waste generated. This has led to concerns about the
location and development of new facilities.
New York is directing an effort to site a new hazardous waste disposal
facility at Sterling. A generic environmental impact statement has been
drafted to focus discussion on the proposed facility. Other states have also
been involved in siting issues; the major conclusion from activities to date
is that proposals to site hazardous waste facilities are controversial.
CANADA
In November 1980, Parliament passed the Transport of Dangerous Goods Act.
Regulations to develop a waybill system to track hazardous liquid and solid
waste in Canada are being developed. Ontario has developed a waybill system
to track wastes within the province. In addition, Ontario's Hazardous Waste
Disposal Program sets out requirements for classification, treatment, and
disposal of liquid wastes. Legislation and other programs to manage wastes
have been reported on previously and are sumnarized in Appendix III.
Ontario has explored alternatives to establishment of a waste treatment
and disposal facility. Since proposed private and joint government-industry
ventures met with adverse public reaction, Ontario has established the Ontario
Waste Management Corporation, which will develop and manage a proposed secure
landfill site and permanent liquid industrial waste treatment facility at
South Cayuga, Ontario.
When completed, the facility will handle the bulk of
Ontario's liquid waste. Hearings have been initiated regarding the accept-
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 abiTity of the site seTected for the faciTity and whether the proposed
Tand-
fiTi
and
treatment
faciiities
are
environmentaiiy
safe
and
technoIogicaIiy
sound.
MEASURES
TO
CONTROL
SOIL
LOSSES
FROM
URBAN,
SUBURBAN,
AND RURAL AREAS
As
noted
in
Chapter
4,
measures
have
been
impTemented
to
reduce
the
Toading of phosphorus from nonpoint Tand runoff in the Lake Erie Basin.
Phosphorus
controT
is
part
of
the
Targer
program
to
deveTop
cost—effective
soiT conservation and Tand runoff controI
strategies for phosphorus,
sediments,
bacteria,
pesticides,
and other
poTTutants.
The
United
States
has
found that no—tiTI and minimum tiTI agricuiturai practices are effective and
is supporting programs to acceierate their acceptance and adoption.
Canada's
programs to deveTop comprehensive water management strategies in the Thames
River and the Grand River Basins consider both ruraT
and urban point and
nonpoint sources of poTTutants.
The Stratford/Avon River project is serving
as a piTot study on the effectiveness and acceptabiIity of controI measures.
POLLUTION FROM SHIPPING ACTIVITIES
(ARTICLE
VI,
SECTION
1(F)
AND
ANNEXES
A.
5,
AND
E)
The Agreement caTTs for the Parties to deveTop and impiement measures to
abate and controi poTIution into the Great Lakes from shipping sources.
Joint
annuai reports prepared by the Canadian and the United States Coast Guards
detaii programs and progress toward meeting requirements of the Agreement.
Copies of these reports have been forwarded to the Internationai Joint
Commission.
Annex 4 stipuiates the adoption of programs and compatible reguTations to
prevent discharges of harmfuT quantities of 0i] and hazardous poiiuting
substances from vesseis. With reference to oii poTTution, both the United
States and Canada have met the requirements of a1] the provisions of Annex 4
through appropriate ruTes and reguIations. With respect to hazardous
poTTuting substances, the U.S. Environmentai Protection Agency has issued
ruies to inciude the substances Tisted in Annex 10. Existing Canadian
reguTations cover the majority of substances Tisted in Annex 10; proposed
amendments to ensure coverage of a1] substances have not yet been finaTized.
Annex 5 stipuIates that compatibie reguiations be adopted to govern the
discharge of garbage, sewage, and waste water from vesseTs. ATI prOViSions of
Annex 5 have been met by the Parties, but Canadian and United States regula-
tions respecting sewage poTTution from ships in the Great Lakes aITow for
different discharge standards. Studies were initiated to determine the extent
to which marine sanitation devices were meeting presentTy prescribed standards.
The resuIts, however, indicated a generai faiTure of most currentTy fitted
devices to conform to either country's standards. The Coast Guards have
proposed studies to identify and resoTve the probable cause of faiTure of
instaITed marine sanitation devices.
Annex 6 caiis for the Canadian Coast Guard and the United States Coast
Guar
d to
revi
ew s
ervi
ces,
syst
ems,
prog
rams
, re
comm
enda
tion
s,
stan
dard
s,
and
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reg
ula
tio
ns
rel
ati
ng
to
shi
ppi
ng
act
ivi
tie
s i
n o
rde
r t
o m
ain
tai
n o
r i
mpr
ove
Grea
t La
kes
wate
r qu
alit
y.
The
two
Coas
t Gu
ards
have
held
many
info
rmal
mee
tin
gs
at
the
ope
rat
ion
al
leve
l t
o r
evi
ew
rul
es
and
reg
ula
tio
ns
cov
eri
ng
navi
gati
on e
quip
ment
, a
nd s
hip
comm
unic
atio
n sy
stem
s.
Thes
e ar
eas
of m
utua
l
concern are continually being updated.
The
Coas
t Gu
ards
have
comp
lete
d a
stud
y on
the
ecol
ogic
al
sign
ific
ance
of
cons
titu
ents
and
the
publ
ic h
ealt
h a
spec
ts o
f th
e di
scha
rge
of b
alla
st w
ater
in the Great Lakes. The report concluded that there is an unknown potential
for
ecol
ogic
al
impa
ct,
sinc
e no
nind
igen
ous
flor
a an
d fl
ora
can
be i
ntro
duce
d
into the Great Lakes by discharge of ballast water, and survive. The Coast
Guar
ds h
ave
reco
mmen
ded
that
the
Wate
r Qu
alit
y Bo
ard
inve
stig
ate
this
in t
he
broader context of potential impact on the Great Lakes ecosystem as a whole.
Onta
rio
has
repo
rted
that
Euro
pean
flou
nder
, l
ikel
y in
trod
uced
into
the
Great Lakes via ballast water, has been caught in both Lake Erie and Lake
Onta
rio.
If t
his
spec
ies
can
repr
oduc
e in
the
Grea
t La
kes,
the
pote
ntia
l
impact on the fishery could be great.
CO
NT
IN
GE
NC
Y
PL
AN
(A
RT
IC
LE
VI
,
SE
CT
IO
N
1(
1)
AN
D
AN
NE
X
9)
Annex 9 calls for the maintenance of the "Joint Canada—United States
Marine Pollution Contingency Plan for the Great Lakes (CANUSLAK)", adopted by
the Parties on June 24, 1974. This plan provides for coordinated and
integrated response, through the Joint Response Team (JRT), "in the event of a
discharge or the imminent threat of a discharge of oil or hazardous polluting
substances”. CANUSLAKis generally reviewed annually and amended as
appropriate.
The Canadian and the United States Coast Guards have identified the
connecting channels of the Great Lakes System as high risk areas. Together
with other responsible agencies, they have developed a detailed supplement to
CANUSLAK for the St. Clair River-Detroit River System. Detailed supplements
are presently under development for the St. Marys River and for the
international portion of the St. Lawrence River.
JRT exercises and meetings are periodically held to further develop
countermeasure techniques.
DR
ED
GI
NG
(A
RT
IC
LE
VI
.
SE
CT
IO
N
1(
6)
AN
D
AN
NE
X
7)
Annex 7 of the 1978 Agreement assigned many of the considerations about
dredging to the Water Quality Board which, in turn, established a Dredging
Subcommittee. In its 1981 status report to the Board, the Subcommittee
concluded that the variability of dredging projects, sediment characteristics,
and disposal options precludes the development and application of universal
criteria for dredging activities in the Great Lakes Basin. The Subcommittee
reaffirmed the site-specific approach for the environmental review of Great
Lakes dredging projects.
The Dredging Subcommittee has produced conceptual guidelines to be used
for this evaluation. The guidelines are similar to procedures presently in
use in the Great Lakes, and to procedures followed in both Canadian and United
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 States
ocean-dumping
legislation.
The
guidelines
consider
historical
and
ecological
information,
physical
and
chemical
characteristics
of
the
sediment,
biological
impact
from
the
sediment,
and
evaluation
of
use
and
disposal
options
for
dredged
material.
Each
of
these
is
expanded
upon
in
Appendix
III
of the Board‘s report.
The
Subcommittee's
status
report
also
contains
a
register
of
significant
dredging
projects
in
the
Great
Lakes
Basin.
The
Register
contains
information
on
about
95%
of
all
dredging
activities
undertaken
during
1975-79.
The
Register
will
be
updated
periodically
and
include
additional
information
as
identified by users.
Both
the
United
States
and
Canada
currently
use
bulk
chemical
character-
ization
as
a
basic
part
of
the
process
to
evaluate
dredging
and
disposal
activities.
The
Dredging
Subcommittee
expressed
concern
that
the
proposed
United
States
testing
requirements
for
dredge
or
fill
material
(Section
404(b)(1),
Clean
Water
Act)
published
in
the
Federal
Register
on
December
24,
1980,
may
result
in
incompatibility
between
the
presently
compatible
United
States
and
Canadian
guidelines.
The
incompatibility
could
result
from
the
apparent
virtual
exclusion
of
bulk
chemical
characterization
of the
sediments
in
the
proposed
United
States
testing
requirements.
The
Dredging
Subcommittee
also
expressed
concern
that
the
proposed
United
States
testing
requirements
rely heavily
on
bioassay
and
bioaccumulation
test
results at a time when these methodologies are still in the development stage.
Therefore,
the Dredging Subcommittee believes that the use of bulk chemical
characterization of sediments should be continued as part of the testing
requirements for dredging and disposal activities.
Annex 7 directs the Parties to identify and preserve significant wetland
areas in the Basin which are threatened by dredging and disposal activities.
However, in broader perspective, other shoreline alterations and development,
such as bridging, drainage, and construction of dikes and levees also result
in conversion of wetlands into land suitable to accommodate industry, housing,
transportation, agriculture, and recreation.
Article VI, Section 2, which
directs the Parties to implement additional programs which are necessary and
desirable to fulfill the purpose of the Agreement and to meet the general and
specific objectives, is therefore applicable here.
In the United States, several federal and state laws, regulations, and
court orders can be utilized to protect wetlands. Canada and Ontario also
have legislation which protect habitat and regulate land use planning.
Programs to identify, study, and evaluate wetlands are also underway.
DISCHARGES FROM ONSHORE AND OFFSHORE FACILITIES
(ARTICLE VI, SECTION I(H))
The Agreement calls for the Parties to abate and control pollution from
onshore and offshore facilities, including prevention of discharges of harmful
quantities of oil and hazardous polluting substances.
 
  
Can
ada
and
Ont
ari
o h
ave
sub
mit
ted
a c
omp
reh
ens
ive
rep
ort
to
the
IJC,
ent
itl
ed
"Pr
ogr
ams
and
Mea
sur
es
for
the
Pre
ven
tio
n o
f D
isc
har
ges
of
Oil
and
Oth
er
Haz
ard
ous
Pol
lut
ing
Sub
sta
nce
s f
rom
On-
sho
re
and
Off
-sh
ore
Fac
ili
tie
s”
in
ful
fil
lme
nt
of
req
uir
eme
nt
4(a)
of
Ann
ex
8 o
f t
he
Agr
eem
ent
.
Uni
ted
Sta
tes
EPA
,
in
coo
per
ati
on
wit
h t
he
Gre
at
Lak
es
sta
tes
and
oth
er
fede
ral
agen
cies
, h
as d
raft
ed a
comp
rehe
nsiv
e re
port
in r
espo
nse
to
req
uir
eme
nt
4(a)
of
Ann
ex
8.
The
dra
ft
is
pre
sen
tly
und
erg
oin
g r
evi
ew
pre
par
ato
ry
to
tra
nsm
itt
al
to
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
.
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Anne
x 10
stip
ulat
es t
hat
the
Part
ies
main
tain
two
list
s:
subs
tanc
es k
nown
to have toxic effects and with a risk of being discharged to the Great Lakes
Syst
em,
and
subs
tanc
es
with
pote
ntia
l ef
fect
s a
nd p
oten
tial
risk
of d
isch
arge
.
The annex presents both lists. The Parties are to continually revise these
listings and to identify harmful quantities of these substances.
There have been no formal consultations on Annex 10.
AI
RB
OR
NE
PO
LL
UT
AN
TS
(A
RT
IC
LE
VI
,
SE
CT
IO
N
1(
L)
)
The Agreement stipulates that the Parties identify atmospheric sources of
substances which may have significant adverse environmental effects, identify
the relative contributions of these sources, better define wet and dry
deposition rates, and consult on appropriate remedial programs. Both direct
and indirect impairment (on tributary water quality) are to be considered.
The
Wat
er
Qua
lit
y B
oar
d h
as
pre
vio
usl
y (
in
Jul
y 1
979)
rep
ort
ed
to
the
Com
mis
sio
n o
n t
he
iss
ue
of
aci
dic
pre
cip
ita
tio
n a
nd
the
sta
tus
of
Can
adi
an
and
United States control programs and policies. The issue of atmospheric
dep
osi
tio
n o
f t
oxi
c p
oll
uta
nts
in
the
Gre
at
Lak
es
Bas
in
is
dis
cus
sed
in
Chapter 3. Estimates of atmospheric loadings and the status of atmospheric
moni
tori
ng p
rogr
ams
are
deta
iled
in t
he r
epor
t of
the
Surv
eill
ance
Work
Grou
p.
Both Canada and the United States have operational atmospheric monitoring
networks in the Great Lakes Basin. These are being continually upgraded, with
the focus on measuring wet and dry deposition and on identifying and quan-
tifying organic substances. ‘
The United States also conducts enforcement activities against non—
complying sources, assess the costs of control, and ensures that these costs
are distributed equitably. The United States has also initiated programs and
studies to identify chemicals of greatest concern; identify key source
categories; develop emission inventories; assess toxicity of air emissions;
and work a toxic factor into the air permits system.
SURVEILLANCE AND MONITORING (ARTICLE VI. SECTION 1(M))
The Agreement calls for development and implementation of a coordinated
surveillance and monitoring program for the Great Lakes.
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 The
Great
Lakes
International
Surveillance
Plan
(GLISP),
developed
under
the
auspices
of
the
Water
Quality
Board,
provides
the
framework
for
surveil—
lance
and
monitoring
programs
on
the
Great
Lakes.
Surveillance
and
monitoring
goals,
as
presented
in
the
Agreement,
are
for
the
most
part
being
met.
All
jurisdictions
have
established
monitoring
programs
to
assess
the
degree
to
which
control
requirements
are
being
met.
The
monitoring
and
research
programs
have
greatly
improved
our
under-
standing
of
the
status
of
the
lakes
and
how
they
respond
to
changes
in
loadings.
This
improved
understanding
may
make
it
possible
to
achieve
economies
in
future
monitoring
programs.
However,
the
shifting
emphasis
towards
toxic
substances,
which
require
sophisticated
and
expensive
analytical
procedures,
the
increasing
demand
for
atmospheric
monitoring,
and
the
require-
ment
for
more
precise
loading
estimates
will
make
it
difficult
to
meet
future
needs
with
the
present
level
of
resources.
'
As
GLISP
was
developed
under
the
1972
Water
Quality
Agreement,
it
emphasized
the
eutrophication
problem
in
the
Great
Lakes.
The
1978
Water
Quality
Agreement
emphasizes
toxics,
and
specific
elements
of
GLISP
are
being
developed
to
assess
the
toxics
issue.
One
of
these
elements
is
the
nearshore
fish
contaminant
program,
the
United
States
portion
of
which
is
now
being
coordinated
under
EPA's
Great
Lakes
National
Program
Office.
United
States
information
is
integrated
with
Canadian
data
to
obtain
an
overview
of
the
nearshore
fisheries
of
the
Great
Lakes
with
regard
to
the
contaminant
issue.
Continued
efforts
on
data
quality
control
using
round
robin
surveys,
the
development
of
internal
quality
control
protocol,
and
the
use
of
a common
reporting
format
as
designed
in
the
GLISP
have
improved
the
coordination
of
the
many
different
surveillance
programs
in the Great
Lakes.
The
Water
Quality Board, however, is aware of the frequent dichotomy of Agreement
requirements of surveillance and the mandates under which many agencies
implement monitoring programs.
To meet Agreement requirements, many programs
require extra resources.
In Canada, the Canada-Ontario Accord provides the
mechanism to fulfill Ontario and Canada's obligations to the 1978 Water
Quality Agreement and the GLISP. In the United States, EPA's Great Lakes
National Program Office provides a coordinating centre with funding support to
assist data programs in fulfillment of the United States' obligations to the
Agreement.
The intensive surveys of Lake Ontario are presently under way. The
intensive surveys of Lakes Huron and Erie have been completed and reports of
these surveys will be forwarded to the Commission in the near future. A
report on the Lake Michigan intensive survey was published in February 1981.
To date, the implementation of the GLISP has been successful, with adequate
funding support. The Board is concerned that funding be maintained to support
GLISP.
OBJECTIVES, STANDARDS, AND LIMITED USE ZONES
(ARTICLES III AND IV AND ANNEX 1)
Water Quality Agreement objectives describe the minimum desired levels of
water quality which are to be maintained or achieved for the waters of the
Great Lakes. Objectives are the major basis for measuring progress to
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e
g
r
i
t
y
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
e
c
o
s
ys
t
e
m
(
A
r
t
i
c
l
e
IV
,
S
e
c
t
i
o
n
3
(
b
)
)
.
T
o
d
a
t
e
,
c
o
n
s
u
l
t
a
t
i
o
n
s
h
a
v
e
b
e
e
n
h
e
l
d
o
n
l
y
f
o
r
phosphorus.
Th
e
Ag
re
em
en
t
re
qu
ir
es
ju
ri
sd
ic
ti
on
s
to
ex
pl
ic
it
ly
id
en
ti
fy
th
os
e
in
sh
or
e
w
a
t
e
r
ar
ea
s
w
h
e
r
e
i
n
n
a
t
u
r
a
l
p
h
e
n
o
m
e
n
a
p
r
e
c
l
u
d
e
a
c
h
i
e
v
e
m
e
n
t
of
s
o
m
e
of
t
h
e
sp
ec
if
ic
ob
je
ct
iv
es
(A
rt
ic
le
IV
,
Se
ct
io
n
1(
e)
).
To
da
te
,
no
su
ch
ar
ea
s
ha
ve
be
en
re
po
rt
ed
to
th
e
Co
mm
is
si
on
.
Th
e
Ag
re
em
en
t
re
qu
ir
ed
th
e
Pa
rt
ie
s,
in
co
ns
ul
ta
ti
on
wi
th
th
e
st
at
e
an
d
p
r
o
v
i
n
c
i
a
l
g
o
v
e
r
n
m
e
n
t
s
,
to
d
e
s
i
g
n
a
t
e
,
by
J
a
n
u
a
r
y
1,
19
80
,
t
h
r
o
u
g
h
t
h
e
r
e
s
p
o
n
s
i
b
l
e
r
e
g
u
l
a
t
o
r
y
ag
en
ci
es
,
li
mi
te
d
us
e
zo
ne
s
in
th
e
vi
c
i
n
i
t
y
of
p
r
e
s
e
n
t
an
d
f
u
t
u
r
e
m
u
n
i
c
i
p
a
l
,
i
n
d
u
s
t
r
i
a
l
,
an
d
t
r
i
b
u
t
a
r
y
p
o
i
n
t
s
o
u
r
c
e
d
i
s
c
h
a
r
g
e
s
,
wi
th
in
wh
ic
h
so
me
of
th
e
sp
ec
if
ic
ob
je
ct
iv
es
ma
y
no
t
ap
pl
y
(A
rt
ic
le
IV
,
Se
ct
io
n
1(
f)
an
d
An
ne
x
2)
.
An
an
nu
al
re
po
rt
on
m
e
a
s
ur
e
s
to
d
e
f
i
n
e
an
d
de
sc
ri
be
th
es
e
zo
ne
s
wa
s
to
be
pr
ep
ar
ed
.
Th
e
qu
es
ti
on
is
pr
es
en
tl
y
un
de
r
di
sc
us
si
on
by
th
e
Pa
rt
ie
s.
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 TABLE 3
STATUS OF STATE WATER QUALITY STANDARDS
 
STATE STATUS
Minnesota
Revised standards adopted, effective January 1981.
EPA approvaT pending.
Wisconsin Standards Tast revised January 1978. CurrentTy under
state review for possibTe revisions.
ITTinois Standards Tast revised in 1972. No comprehensive
revisions currentTy proposed. Individual standards
reviewed on a continuing basis.
Indiana Standards Tast revised in 1978. Under review by EPA.
Michigan Standards Tast revised in 1973. Hearings on proposed
revisions currentTy being her.
Ohio EPA promuTgated revisions to state standards on
November 28, 1980.
PennsyTvania Revised standards adopted August 1979, effective
October 1979. EPA approved revisions in January 1981.
New York Standards Tast revised in 1974. PubTic hearings on
  
revisions were her in 1978 and pubTic meetings were
her in 1980.
into account.
Specific toxic criteria wiTT not be taken into
acc
oun
t,
aTt
hou
gh
ref
ere
nce
wiT
T
be
mad
e
to
methodoiogy for deveTopment of such criteria.
Revisions wiTT take economic factors
Projected compTetion date is 1982.
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 M
e
m
b
e
r
s
h
i
p
L
i
s
t
G
R
E
A
T
L
A
K
E
S
W
A
T
E
R
Q
U
A
L
I
T
Y
B
O
A
R
D
CANADIAN SECTION
R.
w.
Siater
(Canadian
Chairman)
Regiona]
Director
Genera]
Ontario Region
Environment Canada
Toronto, Ontario
E. T. Wagner
RegionaT Director
InTand
Waters
Directorate
Ontario Region
Environment Canada
Buriington, Ontario
R. w. Parsons
Chief
PoTTution Prevention
Ship Safety Branch
Canadian Coast Guard
Transport Canada
Ottawa, Ontario
J. R. Hickman
Director
Bureau of Chemicai Hazards
Heaith & Weifare Canada
Ottawa, Ontario
RESIGNED MEMBERS:
D. M. Fouids (1980)
InTand Waters Directorate
Ontario Region
D. P. CapTice (1981)
Ontario Ministry of the Environment
L. Naud
Deputy
Minister's
Office
E
n
v
i
r
o
n
m
e
n
t
Q
u
e
b
e
c
Quebec City, Quebec
w. A. Steggies
Environmentai
&
Technicai
Advisor
to the Deputy Minister
‘Ontario
Ministry
of
the
Environment
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Toronto, Ontario
D. P. Dodge
Supervisor
Environmentai
Dynamics
Section
Ontario
Ministry
of
Naturai
Resources
Toronto, Ontario
K. J. Richards
Poiicy Officer
Secretariat f0r Resources DeveTopment
Toronto, Ontario
 
   
UNITED STATES SECTION
V.
Ad
am
ku
s
(I
nt
er
im
U.
S.
Ch
ai
rm
an
)
Regional Administrator
U.S. EPA, Region V
Chicago, Illinois
C.
D.
Be
sa
dn
ey
(A
pp
oi
nt
me
nt
pe
nd
in
g)
Secretary
Wisconsin Department of
Natural Resources
Madison, Wisconsin
L. E. Richie
Deputy Executive Secretary
Minnesota Pollution Control Agency
Roseville, Minnesota
L. R. Carter (Interim)
Indiana Stream Pollution Control Board
Indianapolis, Indiana
W. A. Lyon
Deputy Secretary for Planning
Department of Environmental Resources
Harrisburg, Pennsylvania
RESIGNED MEMBERS:
J. McGuire (1980)
U.S. EPA, Region v
A. S. Earl (1980)
Wisconsin Department of Natural Resources
E. F. Seebald (1981)
N.Y. State Department of Environmental
Conservation
J. A. McAvoy (1981)
Ohio Environmental Protection Agency
0. H. Hert (1981)
Indiana Stream Pollution Control Board
M. P. Mauzy (1981)
Illinois Environmental Protection Agency
R. Carlson (Appointment pending)
Director
Illinois Environmental Protection
Agency
Springfield, Illinois
D. Barolo (Appointment pending)
Director
Division of Water
N.Y. State Department of Environmental
Conservation
Albany, New York
R. Courchaine (Appointment pending)
Chief
Water Quality Division
Michigan Department of Natural Resources
Lansing, Michigan
W. Nichols (Appointment pending)
Director
Ohio Environmental Protection Agency
Columbus, Ohio
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 Glossary
The
Water
Quaiity
Board
prepared
this
giossary
of
terms
and
abbreviations
used
in
this
report,
with
the
intent
of
giving
the
genera]
pubiic
a
better
understanding
of
its
contents.
TERMINOLOGY
Adequate
treatment
-
(For
municipaiities)
United
States:
minimum
of
secondary
treatment
with
maximum
effiuent
concentrations
of
30
mg/L
each
for
BOD
and
for
suspended
soiids
and
1.0
mg/L
for
total
phosphorus;
Canada:
minimum
of
secondary
treatment
or
equivalent
with
maximum
concentrations
of
20
mg/L
each
for
BOD
and
suspended
soiids.
Area
of
concern
-
a
geographic
iocation
where
water,
sediment,
or
fish
quality
are
degraded.
The
Great
Lakes
Agreement
water
quaiity
objectives
or
jurisdictionai
criteria,
standards,
or
guideiines
are
exceeded.
Bioaccumuiation
- the
process
of
concentration
of
substances
in
1iving
organisms.
Bioassay
-
use
of
a
iiving
organism
to
determine
the
bioiogicai
effect(s)
of
a
substance, condition, or factor.
Biomagnify - to increase in concentration in the food chain.
Biomass - the amount of iiving matter present in a habitat in a specific amount
of water.
BOD - Biochemicai Oxygen Demand; amount of oxygen used by micro-organisms
present in a water or sewage sampie in 5 days. It is a measure of the
effect of decomposition of organic matter on the oxygen content of the
water.
Chiorophyii a - a piant pigment whose concentration is used as an indicator
of trophic status.
Coiiform - bacteria from the coion of a warm-biooded animai.
Consent Decree - a judgement by a court which puts into effect a iegaiiy
enforceabie remedy.
Contaminant - a substance foreign to a naturai system and/or present at
unnaturai concentrations.
Controi order/requirement and direction order - enforceabie orders in Ontario.
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Cr
it
er
ia
-
nu
me
ri
ca
l
li
mi
ts
of
po
ll
ut
an
ts
es
ta
bl
is
he
d
to
pr
ot
ec
t
sp
ec
if
ic
wa
te
r
uses.
DD
T
-
1,
1,
1-
tr
ic
hl
or
o-
2,
2—
bi
s(
p—
ch
lo
ro
ph
en
yl
)e
th
an
e.
A
pe
st
ic
id
e.
De
le
te
ri
ou
s
su
bs
ta
nc
e
—
a
su
bs
ta
nc
e
wh
ic
h
ca
n
be
ha
rm
fu
l.
Di
ox
in
-
a
gr
ou
p
of
75
ch
em
ic
al
s
of
th
e
ch
lo
ri
na
te
d
di
ox
in
fa
mi
ly
,
in
cl
ud
in
g
2,
3,
7,
8-
te
tr
ac
hl
or
od
ib
en
zo
-p
ar
a-
di
ox
in
(2
,3
,7
,8
—T
CD
D)
.
Di
ss
ol
ve
d
ox
yg
en
-
ox
yg
en
di
ss
ol
ve
d
in
wa
te
r,
ne
ce
ss
ar
y
to
su
pp
or
t
aq
ua
ti
c
life.
Ef
fl
ue
nt
-
wa
te
r
di
sc
ha
rg
ed
fr
om
a
pi
pe
or
tr
ea
tm
en
t
pl
an
t.
'
En
ri
ch
me
nt
-
th
e
st
at
e
of
co
nt
ai
ni
ng
an
ab
un
da
nc
e
or
ex
ce
ss
of
a
su
bs
ta
nc
e,
fo
r
ex
am
pl
e,
nu
tr
ie
nt
en
ri
ch
me
nt
.
En
tr
ai
nm
en
t
of
fi
sh
-
wh
en
fi
sh
ar
e
pu
ll
ed
in
to
an
d
th
ro
ug
h
pu
mp
s
an
d
pi
pe
s
su
ch
as
ar
e
us
ed
in
pr
oc
es
se
s
re
qu
ir
in
g
co
ol
in
g
wa
te
rs
.
EP
A
-
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
Eu
tr
op
hi
c
-
ab
un
da
nt
in
nu
tr
ie
nt
s;
wa
te
rs
hi
gh
ly
pr
od
uc
ti
ve
in
pl
an
ts
an
d
organisms.
FD
A
-
Un
it
ed
St
at
es
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
GL
IS
P
-
Gr
ea
t
La
ke
s
In
te
rn
at
io
na
l
Su
rv
ei
ll
an
ce
Pl
an
Gr
ea
t
La
ke
s
Ba
si
n
Ec
os
ys
te
m
-
th
e
in
te
ra
ct
in
g
co
mp
on
en
ts
of
ai
r,
la
nd
,
wa
te
r
an
d
li
vi
ng
or
ga
ni
sm
s,
in
cl
ud
in
g
ma
n,
wi
th
in
th
e
dr
ai
na
ge
ba
si
n
of
th
e
St
.
La
wr
en
ce
Ri
ve
r
at
or
up
st
re
am
fr
om
th
e
po
in
t
at
wh
ic
h
th
is
ri
ve
r
be
co
me
s
th
e
in
te
rn
at
io
na
l
bo
un
da
ry
be
tw
ee
n
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
(f
ro
m
Article I of the 1978 Agreement).
Gu
id
el
in
es
-
su
gg
es
te
d
cr
it
er
ia
fo
r
pr
og
ra
ms
or
ef
fl
ue
nt
li
mi
ta
ti
on
s.
Im
pi
ng
em
en
t
of
fi
sh
—
wh
en
fi
sh
ar
e
fo
rc
ed
ag
ai
ns
t
a
st
ru
ct
ur
e.
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
(I
JC
)
L
es
ta
bl
is
he
d
by
th
e
Bo
un
da
ry
Wa
te
rs
Tr
ea
ty
of
19
09
wi
th
3
Un
it
ed
St
at
es
an
d
3
Ca
na
di
an
me
mb
er
s.
Le
ac
ha
te
-
wa
te
r
th
at
pe
rc
ol
at
es
or
dr
ai
ns
th
ro
ug
h
a
ma
te
ri
al
.
Li
mi
te
d
us
e
zo
ne
-
a
ge
og
ra
ph
ic
ar
ea
in
th
e
vi
ci
ni
ty
of
pr
es
en
t
an
d
fu
tu
re
mu
ni
ci
pa
l,
in
du
st
ri
al
,
an
d
tr
ib
ut
ar
y
po
in
t
so
ur
ce
di
sc
ha
rg
es
wi
th
in
wh
ic
h
so
me
of
th
e
sp
ec
if
ic
Ag
re
em
en
t
ob
je
ct
iv
es
ma
y
not
ap
pl
y.
Th
es
e
zo
ne
s
are
to
be
de
si
gn
ed
by
th
e
re
sp
on
si
bl
e
re
gu
la
to
ry
ag
en
ci
es
(f
ro
m
Ar
ti
cl
e
IV
of
the 1978 Agreement).
Lo
ad
in
gs
—
to
ta
l
ma
ss
of
po
ll
ut
an
t
to
a w
at
er
bo
dy
ov
er
a
sp
ec
if
ie
d
ti
me
,
e.g. tonnes per year of phosphorus.
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MGD - millions of gallons per day
MIGD
— millions
of
imperial
gallons
per
day
Mirex - dodecachloropentacyclodecane.
Used as an insecticide and a fire
retardant.
Nonpoint source —
a source of pollutants from a wide geographic area, such
as
runoff of water from land or atmospheric deposition and precipitation.
NPDES — National Pollutant Discharge Elimination System; a permit system
limiting municipal and industrial discharges, administered by EPA and the
states.
Nutrient - material that is necessary for growth, principally phosphorus and
nitrogen.
PBB - polybrominated biphenyl; used previously as a fire retardant.
PCB — polychlorinated biphenyl; a family of chemically inert compounds, having
the properties of low flamnability and volatility and high dielectric
constant. Past applications include use as hydraulic fluids, heat
exchange and dielectric fluids; plasticizers for plastics; coating
extenders for pesticides; and as an ingredient of caulking compounds,
adhesives, paints, printing inks, and carbonless copying paper.
Persistent compound — a substance which remains in the environment.
pH - a measure of the acidity or alkalinity of water on a scale from 0 to 14;
7 is neutral; low numbers indicate acidic conditions, high numbers
alkaline.
Phenolics - any of a number of compounds with the basic structure of phenol
but with substitutions made onto this structure. Phenolics are produced
during the coking of coal,
the distillation of wood,
the operation of gas
works and oil refineries, from human and animal wastes, and the
microbiological decomposition of organic matter.
Phosphate - salt of one of several phosphoric acids used as building block
for detergents; a constituent of fertilizer.
Phosphorus — generally considered to be the principal nutrient controlling
eutrophication in the Great Lakes.
Point source - a source of pollutants from a municipal treatment plant or an
industrial facility, often by way of a pipe.
Primary treatment — mechanical removal of floating or settleable solids from
wastewater.
Residue - compounds fractionated into discrete groups based on size, structure,
molecular weight, etc.
Secondary treatment — primary treatment plus bacterial action to remove organic
parts of the waste.
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S
l
u
d
g
e
-
s
o
l
i
d
s
r
e
m
o
v
e
d
f
r
o
m
se
wa
ge
.
Su
sp
en
de
d
so
li
ds
-
so
li
d
ma
te
ri
al
su
sp
en
de
d
in
wa
te
r.
To
xi
c
su
bs
ta
nc
es
-
th
os
e
co
mp
ou
nd
s
wh
ic
h,
in
su
ff
ic
ie
nt
am
ou
nt
on
or
in
an
or
ga
ni
sm
ca
n
ca
us
e
de
at
h,
di
se
as
e,
mu
ta
ti
on
,
de
fo
rm
it
y,
or
ma
lf
un
ct
io
n
in
th
at
or
ga
ni
sm
or
it
s
of
fs
pr
in
g.
Th
es
e
in
cl
ud
e
or
ga
no
ch
lo
ri
ne
s
su
ch
as
DD
T,
mi
re
x,
PC
B,
he
xa
ch
lo
ro
be
nz
en
e,
tr
ic
hl
or
ot
ol
ue
ne
,
di
el
dr
in
,
en
dr
in
,
he
pt
ac
hl
or
ep
ox
id
e,
ch
lo
rd
an
e,
li
nd
an
e,
an
d
me
th
ox
yc
hl
or
.
Ot
he
r
or
ga
ni
c
su
bs
ta
nc
es
su
ch
as
to
lu
en
e,
di
ox
in
,
ph
th
al
at
e
es
te
rs
,
fu
ra
ns
,
an
d
st
yr
en
es
ar
e
al
so
to
xi
c
su
bs
ta
nc
es
.
To
xi
c
me
ta
ls
in
cl
ud
e
ar
se
ni
c,
ca
dm
iu
m,
ch
ro
mi
um
,
co
pp
er
,
ir
on
,
le
ad
,
me
rc
ur
y,
ni
ck
el
,
se
le
ni
um
,
an
d
zi
nc
.
Th
is
li
st
is
by
no
me
an
s
co
mp
le
te
.
Tr
op
hi
c
-
ha
vi
ng
to
do
wi
th
th
e
pr
oc
es
se
s
of
nu
tr
it
io
n.
Wa
te
r
qu
al
it
y
ob
je
ct
iv
es
-
un
de
r
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t,
go
al
s
se
t
by
th
e
Go
ve
rn
me
nt
s
of
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
fo
r
pr
ot
ec
ti
on
of
th
e
us
es
of
th
e
Gr
ea
t
La
ke
s.
Wa
te
r
qu
al
it
y
st
an
da
rd
-
a
cr
it
er
io
n
or
ob
je
ct
iv
e
fo
r
a
sp
ec
if
ic
wa
te
r
us
e
th
at
is
in
co
rp
or
at
ed
in
to
en
fo
rc
ea
bl
e
re
gu
la
ti
on
s.
M
E
A
S
U
R
E
M
E
N
T
U
N
I
T
S
 
UNITS
metre - m
gram - g
tonne - t
Titre - L
day - d
COMBINATIONS
k
i
l
o
g
r
a
m
,
1
0
3
g
r
a
m
s
k
g
mi
ll
ig
ra
m,
10
'3
gr
am
s
.
mg
m
i
c
r
o
g
r
a
m
,
10
'6
g
r
a
m
s
ug
na
no
gr
am
,
10
'9
gr
am
s
ng
mi
ll
il
it
re
,
10
'3
li
tr
es
mL
cu
bi
c
me
tr
es
pe
r
da
y
m3
/d
to
nn
es
pe
r
ye
ar
t/
a
mi
ll
ig
ra
m
pe
r
li
tr
e
mg
/L
pa
rt
pe
r
mi
ll
io
n
mi
cr
og
ra
m
pe
r
li
tr
e
ug
/L
pa
rt
pe
r
bi
ll
io
n
mi
cr
og
ra
m
pe
r
gr
am
ug
/g
pa
rt
pe
r
mi
ll
io
n
mi
ll
ig
ra
m
pe
r
ki
lo
gr
am
mg
/k
g
pa
rt
pe
r
mi
ll
io
n
:
mi
cr
og
ra
m
pe
r
ki
lo
gr
am
ug
/k
g
pa
rt
pe
r
bi
ll
io
n
na
no
gr
am
pe
r
ki
lo
gr
am
ng
/k
g
pa
rt
pe
r
tr
il
li
on
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